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CHAPTER T. 

A VOYAOE ON THE BOTTOM OF THE SEA. 
finutii /Alice'* SiihmariHS Boat, the '■ Arffmiauf." 

^ Simon Lake's curious 
craft, the " Argonaut," 
is a submarine boat, 
and much more be- 
sides. Slie not only 
s^viins beneath the sur- 
face of the water and 
upon it, but she a(](l» 
to these accomplish- 
ments the extraonii- 
nary jto^ver of (Hving 
deep, and rolling along 
the lK>ttoni of the sea 
on wheels. No nia- 
cliine ever liefore did 
I that. Indeed, the " Arf^^inaut " is more prop- 
erly a " se-;i-iriuUK\vi.'le" or "sea-tricycle" than 
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a boat. The inventor himself has described 
it as " a boat-wagon for riding on the bottom 
of the sea." 

In October, 1898, the " Argonaut " lay off the 
pier at Atlantic Highlands, New Jersey. She 
had just finished a tedious voyage from Ealti- 
nioi-e, where she was built, and she was quietly 
anchored from a barrel buoy. Mr. Lake had 
invittnl Mr, Stevens, the artist, and myself to 
make a tri|) with him on the bottom of the 
oceiin. As we walked up the pier, we watched 
ciigerly for the first glim]>se of the wonderful 
sea-wagon of which we had heard so many 
strange stm-ies. 




THK " iSOOSiXn" SAlUIfa ON THS BUBPACE. 




A VOYAGE ON THE BOTTOM OF THE SEA. S 

A considerable sea was running, but I ob- 
served that the "Argonaut" was planted as 
firmly m the water as a stone pillar, the big 
waves splitting over her without iiiijiarting 
any jwrceptible motion. 

"She weighs fifty-seven tons," said Mr. 
I-ake, "and there are only two or three tons 
above water. I never have seen the time when 
she rolled." 

We 8cranil)led up on the little platform and 
peered down through the oi»en tower — "con- 
ning-tower," Mr, Lake called it^-into the 
depths of the ship below, Wilson, the engineer, 
had started the fire in his ga-solene engine, and 
it wasn't long before we saw a white plume of 
steam rising from the very summit of the gas- 
pipe frame above us. 

"This leg of the A," explaine<l Mr. Lake, 
"carries off the burnt gases, and this one 
brings in the fi-esh air while we are submergetl. 
You see the ]tij)es are tall enough, so that we 
can use them until we arc more than fifty fwt 
under water. Below that we have to doi>eti<i 
on the compressed air in our tanks, or on a 
hose reaching from tlie up]>er end of the pi]Ki 
to a buoy on the surface." 

Mr. Lake had taken his |>Iace at the wheel, 
and we were going aheiid slowly, steering 
straight across the bay toward Sandy Hook 
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and ik't']>cf water. The "Argonaut" makes 
about live knots an Iiour on tlie surface, but 
wlioii slio gets dee]) down on the sea bottom, 
where she belongs, slie can sjiin along more 
rai)i(Hy. 

" Arc you ready to go down?" aske<l Mr. 
I^ko. 

Tlie waves were already i\ashing entirely 
over the lower platform and occasionally break- 
ing around our feet, but we both nodded sol- 
en mly. 

" (")j>en the center compartments," Mr. Lake 
shouted down the conning tower. " I'm Hood- 
ing the air ballast ootn|)artments," he ex- 
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and tlio " Argonaut" lierself was only thirty-six 
feet long. Her sides lia<l alresuly fiuled out of 
sight, but not before we had seen how solidly 
they were built, all of steel, riveted and re- 
enforced, so that the ivontier grew how such a 
tremendous weight, when submerged, could 
ever again be raised. 

" We had to give lier immense strength," 
said Mr. I^e, " to resist tlie water pressure at 
great depths. She is built of the same thick- 
ness of steel as the government used for the 
2,000-ton cruisers 'Itetroit' and 'Montgom- 
ery,' She'll stand a hundre<l feet, although 
we never took lier deejwr than fifty. We like 
to keej) our margins safe." 

I tiiink we made some inquiries about tlie 
safety of submarine boats in general- Other 
air compartments bad been opene<l, and we 
had settled so far down tliat tlie waves dashed 
repeiitedly over the jilatform on whicli we 
stood — and the conning-toiver was still wide 
open, inviting a sudden engulfing rush of 
water. 

"You mustn't confuse the ' Argonaut ' with 
ordinary submarine boats," said Mr. Lake. 
" She is quite dlflferent and much safer. When 
I first began experimenting, I saw that the 
greatest problem of submarine navigation was 
the inability to steer accurately when sub- 




merge*!. You see, below the surface of the 
water you iiave four directions in which you 
may go instejul of two, as on the surface, and 
no one has yet succeeded in inventing a rudder 
that will keep a submarine boat in a steady 
course, so that it will not leap out of ivater at 
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one moment and plunge to the bottom iit the 
next. I simply gave \v[i the problem iin<! de- 
ciiied to run on the bottom, where I am steer 
as GEisily as if I were on shore." 

That was originality; it was so simple that 
no one ever had dreame<l of trying it before. 

"I think we'd better go l)eIo\\"," said Mr. 
Lake, with a trace of haste in his voice. 

I went first, slipping band over hand doAvn 
the Ia<l(ier. Mr. Stevens followed, and a great 
wave came slapping in after him, sousing down 
over his sliouhlers. Mr. I>akc quickly sbiit 
down the eonning-tower cap and screwed it 
fast over its rubber rims. 

"We found ourselves in a long, narrow com- 
})artment, dindy illuminated by yellowisli-green 
light from the little, round glass windows. 
The stern was filled with Wilson's gasolene 
engine and the electric, motor, and in front of 
us, toward the bow, we could see through the 
heavy steel doorways of the divers' compart- 
ment into the lookout-room, where there was a 
single round eye of light. 

"She's iUmost under," said ^fr. Lake. 

I climbed up the ladder of the conning-tower 
and looketl out through one of the ghtss jiorts. 
My eyes were just even \vith the surfiice of the 
water. In the trough of the waves I could 
catch a glimpse of the distant sunny shores of 
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Xew Jersey, antl here and tliere. off toward 
Stiiten Island, tlic bright sails of oyster smacks. 
Tlieii the next wave cjime driving an<i foaming 
entirely over the top of the little vessel, an<l I 
could see the curiously beautiful sheen of the 
bright summit of the water above us. It was 
a most impressive sight. Not many i)eople 
ever have had the op|>ortunity of looking 
calmly upon the surface of the sea from below. 
'Sir. Lake told me tliat in very clear water it 
wiis dilticult to tell just where the air left off 
and the water began ; but in the muddy bay, 
wlirre we wei-e going down, the surface looked 
like a jieculiarly clear, greenish pane of ghiss 
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realized that we were in the domain of the 
fishes. 

I returned to the bottom of the boat, to find 
that it was brilliantly lighted by electricity, 
and to have my ears pain me sharply. 

" You see, tlie air is beginning to come 
down," said Jim, Uie first mate, "and we are 
getting a little pressure." 

I held up my hand and felt tlic strong gust 
which was being drawn down tlirougii the tall 
air-pipe above us. It was comforting to know 
that the air arrangements were in ivorking 
order. 

Mr, Lake now hung a small mirror at an 
angle of forty-five degrees, just at the bottom 
of the conning-tower, and stepi>e<I back to the 
steering wheel. Upon looking into the mirror 
ho could see the reflection of the compass, 
which is placed at the very highest tiji of the 
brass binnacle that crowns the conning-tower, 

"We can't use a compass down here," said 
Mr. Lake, "because there is too much raa- 
cliinerv and steel." 

Mr, Lake has found by rej>eated experiments 
that the compass points as accurately under 
water as on the surface. 

Jim, the mate, brought the government 
chart, and Mr. r^.ke announced that ive were 
heading directly for Sandy Hook and the o]>en 




ocean, Eut we had not yet reached the bat- 
torn, and John waa busily opening air compart- 
ments and letting in more water. I went 
fonvard to the little steel cubhy-hole in tlic 
extreme prow of the boat, and looked out 
tlirougli the watch-port. The water had 
grown denser and yellower, and I couldn't see 
much beyond the diin outlines of the ship's 
spar reaching out forward. Jim said that he 
had often seen fishes come swimming up ivon- 
deringly to gaze into the jiort. They would 
remain quite motionless until he stirretl his 
head, and then they vanished instantly. i[r. 
Ijike has a remarkable jihotograph which lie 
took of a visiting fish, and Wilson tells of nur- 
turing a (jneer flat frab for days in the crevice 
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of one of the vieiv-holes. As I turned from 
the watcli-port, my eye fell on an everyday- 
looking telephone, with the receiver comfort- 
ably hung up next the steel walls. 

" Oh, yes," said Jim, '• we have iill the mod- 
ern conveniences. That's for telephoning to 
the main part of the boat when the diver's coui- 
|>artment is closed and we can't get through." 

He also showed lae a complex system of call- 
bells by means of which the man at the look- 
out could direct the engineer. 

"When we are down in unknown waters," 
he said, " we have a big electric search-light 
which points out the way.'' 

At that moment I felt a faint jolt, anil Mr. 
Lake said that we were on the bottom of tlie 
sea, thirty feet beloiv the surface. 

" The bottom here is very inutldy," ho said, 
"and we are only i-osting a few Imndred 
ix>unds' iveight on our wheels. V>y biking in 
or pumping out water we can ]>ress down on 
the bottom like a locomotive or like a feather. 
Where ive have good hard sand to I'lm on we 
use our wheels for propelling the boat; but in 
mud like this, where there's nothing to get 
hold of, we make our projietler <lo the work." 

Here we wore running as comfortably along 
the bottom of Sandy Hook I!ay as we woukl 
ride in a Broadway car, aud with quite as much 
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safety. Wilson, who was of a musical turn, 
was whistling "Down went McGirity," and 
Mr. Lake, with his hands on the ])ilot wheel, 
put in an occasional word aliout hia marvelous 

invention. On the wall o]>posit« there vas a 
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row of dials which told automatically every 
fact al)out our condition that the most nervous 
of men could wish to know. One of them 
shows the pressure of air in the main compart- 
ment of the boat, another registers vacuum, 
and ivlien both are at xero, Mr. I^ke knows 
that the pressure of the air is normal, the same 
as it is on the surface, and he tries to maintain 
it in this condition. There are also a cyclo- 
meter, not unlike those use<l on bicycles, to 
show how far the !H>at travels on its wheels; a 
depth gauge whicli keeps us accurately in- 
formed as to the depth of tlic hoat in the 
water; and a declension imiicator. By the long 
finger of the declension <lial we could tell 
whether we were going up hill or down. Once, 
while we were out, there was a sudden sharp 
shock, the pointer lea]»ed bsick, and then quiv- 
ered steady again. Jlr. Lake said that we had 
prohably struck a bit of wreckage or an oin- 
hankment, hut the "'' Argonaut '" was running 
so lightly that she ha<l leaped up jauntily and 
slid over the obstruction. 

Strange things hiui ^fr. Lake <liscovered 
about the bottom of the sea. He has found 
that nearly all sea roads are level, a fact of 
great importance to sea carriiiges like the 
" Argonaut." 

" People get the impression from the sea- 
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false idea. Some shores slojie more than others, 
but I venture to say that there are few spots 
on the bottom of the Atlantic that would not 
be called level if they were bare of water." 

We had been keejiing our eyea on the depth 
dial, the most fascinating and interesting of 
any of the number. It showed that we were 
going down, down, down. When we had been 
submerged for more than an hour, and there 
was thirty feet of yellowish-green ocean over 
our heads, Mr, Lake suddenly ordered the ma- 
chinery stopped. The clacking noises of the 
dynamo ceased, and the electric lights blinked 
out, leaving us at once in almost absolute <lark- 
ness and silence. Before this *ve ha<l found it 
hard to realize that we were on the bottom of 
the ocean; now it came upon us suddenly, and 
not without a touch of a*ve. This absence of 
sound and light, this unelianging motionless- 
ness and coolness, this absolute negation — this 
was the bottom of the sea. It laste<l only a 
moment, but in that moment we realized 
acutely tlie meaning and joy of sunshine and 
moving winds, trees, and the world of men. 

A minute light twinkle<l out like a star, and 
then another and another, until the boat was 
bright again, and ive knew that among the 
other wonders of this most astonishing of in- 
ventions there was storage electricity which 
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would keep the boat illuminated for hours with- 
out BO much as a single turn of the dynamo. 
With the stoppage of the engine the air supply 
from above had ceased, but Mr, Lake laid his 
hand on the steel wall above us, where, he said, 
there was enough air compressed to last us all 
for two days should anything happen. 

Indee*!, the possibility of "something hap- 
pening" had been lurking in our minds ever 
since we started. 

" "What if your engine should break down so 
that you couldn't pum]> the water out of the 
air compartments ? " I asked. 

" Here we have hand pumps," said Mr. Lake 
promptly, " and if those failed, a single touch 
of this lever would release our lead keel, which 
weighs three thousand pounds, and up we 
would go like a rocket," 

I questioned further, only to find that every 
imaginable contingency, and some that were 
not at all imaginable to the uninitiated, had 
l)een absolutely provided for by the genius of 
the inventor. And everything from the gaso- 
lene engine to the hand pump was as compact 
and ingenious as the mechanism of a watch. 
Moreover, the boat was not crowded ; we bad 
plenty of room to move around and to sleep, 
if we wished, to say nothing of eating. 

Indeed, John had brought out the kerosene 
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woulii keep the boat illuminated for hours with- 
out so much as a single turn of the dynamo. 
With the stoppage of the engine the air supply 
from above had ceased, but Mr. Lake laid his 
liiiiul on the steel wall above us, where, he said, 
there was enough air compressed to last us all 
for two days should anything happen. 

Indeetl, the possibility of "something hap- 
pening "had been lurking in our minds ever 
since we started. 

" What if your engine should break down so 
that you couldn't pump the water out of the 
air compartments? " I aske<l, 

" Here we have hand pumps," said Mr. Lake 
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stove, nnd was making cotlee while Jiiu cut the 
pumpkin j)ie. 

"This isn't Delraonico's, " said Jim, "but 
we're serving a lunch thiit IJeluionico's couldn't 
serve — a Hubmarlne lunch." 

By this time tho no\'clty was w-earing off, 
and we ait there at tlio bottom of the sea, 
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drinjiing our coffee with as much unconcern a« 
though we were in an uptown restaurant. For 
the first time since we started, Mr. Lake sat 
down, and we had an opportunity of talking 
with him at leisure. He is a stout-shouldered, 
powerfully built man in the prime of life, a 
man of cool common sense, a practical man, 
who is also an inventor. And he talks frankly 
and convincingly and yet modestly of his ac- 
complishment. 

"When I was ten yearg old," he said, "I 
read Jules Yeme's ' Twenty Thousand Leagues 
under the Sea,' and I have been working on 
submarine boats ever since." 
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removing the treasure from wrecks, placing 
difficult submarine foundations, and any kind 
of work tliat requires diving. There are mil- 
lions of gold in old wrecks right around New 
York, and I conlidently believe that we can 
get some of it." 

Having finished our lunch, Mr. Lake jirepared 
to show us something about the practical oper- 
ations of the "Argonaut." It had been a 
good deal of a mystery to us how workmen 
penned up in a submarine boat could expect to 
recover gold from wrecks in the water outside, 
or to place torpedoes, or to pick up cables, or 
to catch fish and clams as the crew of the 
" Argonaut " often had done. 

"We simply open the door, and the diver 
walks out on the bottom of the sea," Mr. 
Lake said, cjuite as if he was conveying the 
most ordinary information. 

At first it seemed incre<lible; but Mr. Lake 
showed us the heavily riveted door in the bot- 
tom of the diver's little room. Then he in- 
vited us inside with Wilson, wJio, besides being 
an engineer, is also an c.\|)ert diver. The mas- 
sive steel doors of the room were closed and 
barred, and then Mr, Lake turned a cock, and 
the air rushed in under high pressure. At 
once our ears began to throb, and it seemed as 
it the ear-drums would burst inward. 
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" Keep swallowing," said Wilson, tbe diver. 

As soon as we applied this remedy the pain 
ill our eiirs was relieved; but the general sensa- 
tion of increased air pressure, while exhilarat- 
ing, was still most uncomfortable. The finger 
on the pressure dial kept creeping up and up, 
until it showed that the air pressure inside of 
the com|Mirtment was nearly equal to the water 
pressure without. Then Wilson opened a cock 
in the door. Instantly the water gushed in, 
and for a single instant we expected to be 
drowned there like rats in a trap. 

" Tills is really very simple," Mr. Lake Avas 
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We could have crawled along and cut every 
one of them, and no one ever would have been 
the wiser. More than that, if the ' Argonaut ' 
had been at Santiago, we could have cleared 
the harbor of Spanish mines within forty-eight 
hours without the possibility of discovery. 
And after that." — Mr, Lake grew enthusiastic 
— "we could have crept along until we were 
just under one of the Spanish sliips. Then our 
divers would have stepped out and deliberately 
set mines or even fastened torpedoes to the bot- 
toms of the ships. "When the work was done, 
we could have backed a^^'a\■, playing out our 
wires, until we were well out of reach of the 
eflfects of an explosion. And then, a connec- 
tion of wires, and Sampson would have been 
saved the trouble of smashing Cervera." 

Indeed, it seemed the simplest thing in the 
world. 

" All you have to do when you want a good 
mess of oysters or clams," Wilson put in, " is 
to reach down and pick 'em." 

"Yes," added Mr. T^ike, "the 'Argonaut' 
or a boat like it will some day l>e the means of 
helping science to a much better knowledge of 
the wonders of the bottom of the sea. Think 
what treasures a scientist could get as the 
'Argonaut' crawled slowly along the bottom 
with this door open. " 
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In great depths the diver cannot stay sub- 
merged more than an hour, often less, and 
three-quarters of the time is frequently spent 
in getting a\> and down. 

" You see we are at the bottom all the time," 
said ifr. Lake; " we just pusli our nose up into 
the wreck, and the diver ste|)S out with a short 
air-tube, and wprks riglit in the path of our 
searcli-liglit. lie ciin come back in a minute 
for tools or to rest, and go out again without 
delay, no matter how high the ivaves are run- 
ning on the surface. You can see for yourself 
wliat a tremendous advantage we have over 
ordinary ivreckers. There is no reason why 
we shouldn't stay submerged for days at a time 
and work continually," 

These and other possibilities that seemed 
hardly short of magic Mr. Lake explained to 
us. As we came up lie tt)id us of liis plan to 
build at once a hundred-foot boat for practical 
work, the " Argonaut " being regarded more 
in the light of an experiment. 

"And some day," he laughed, "I'm going 
to build an excursion IxKit as a Coney Island 
attraction, and a little later I'll have a private 
. submarine yacht ami go riding on the sea bot- 
tom among the West Indian Islands. There 
the water is clear as crystal, and the sea scenery 
is magnificent, with clean white sand, cliffs of 
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bright coral, forests of SBa-trees full of fisb, 
S[>onge gron'tlis, ami other wonderful objects. 
I shall havo large wintlows in tho pleasure 
yacht, so that wo can onjoy all uf these things 
as we roll along, and possibly I may look for 
some of the sunken treasure ships of the buc- 
caneers ami of the old Spanish navy." 

We were now rising again to the surface 
after Iwing subniergeil for more thiin three 
hours. T climbeil up the conning-tower and 
watched fop the first glimpse of tlie sunlight. 
There was a sudden HufT of foam, tlic ragged 
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edge of a ivave, and tben I saw, not more than 
a liundred feet away, an oyster sinack l>otiii<l 
for Xe^v York under full sail. Her rigging 
was full of men, gazing curiously in our direc- 
tion, no doubt wondering what strange monster 
of the sea was coming forth for a breath of air. 

On (lur return to shore Ifr. Lake showed ns 
the little "Argonaut, Jr.,'^ his first ex|)eriment 
in submarine boat building. It was hardly 
larger than a big dry-goods box, and built 
entirely of wood, but Mr. Lake tol<l me that 
he had iictually made many descents in it. 

" Every one said that I Avould l>e drowned," 
ho cried, " but lierc I am alive and well ;" and 
he looked out across the bay, where his new 
"Argonaut," tlie boat that has proval the 
feasibility of his cherished plans, reared her 
big A in the sunshine. 



CHAPTER II. 

LIQUID AIR, 
A Machine that Liquefie* and Freaea Air. 

Liquid air is a clear, sparkling substance re- 
sembling water, but it is so cold that it boils 
on ice and freezes alcohol and mercury. Al- 
though fluid, it is not ivet to the touch, but a. 
drop of it on a man's hand bums like a white- 
hot iron. It may be dipped up and poured 
about like so much water, but if it is confined, 
it explodes more terribly than nitroglycerine, 
and when left standing in the open air for a 
few minutes it vanislies in a cold gray mist, 
leaving behind only a bit of white frost. 

Charles E. Tripler, of New York City, has 
invented a inslchine for producing this most 
marvellous of liquids in large quantities, and 
he has found many curious and wonderful uses 
to which it may be put. He predicts that it 
may sometimes rival electricity in the variety 
of its adaptations; he tells how it will be used 
to cool hospitals and hotels, cauterize wounds, 
drive the machinery of submarine boats, flying 



42 THE BOY'S BOOK OF INVENTIONS. 

inaHiines, and horseless carriages, furnish am- 
munition for military purposes, and perform 
many other mechanicai wonders. 

Until tiventy years ago scientists believed 
tliat air was a ]>ermanent giis — that it never 
would bo anything but a gas. They had tried 
ciimpressing it under thousands of pounds of 
jirossuro to the si|uare inch, they had tried 
heating it in tlic hottest furnaces, and cooling 
it to the greatest known depths of chemical 
(did, hut it remained air — a gas. Ono day in 
IST-i li;ioul Pictet submitted oxygen, of which 
air is largely coniposcid, to enormous pressure 
(■oml>iiicd witli intense colil. Tlic result was a 




.T WITH J.Hil'lD AIR. 



LIQUID AIR. 4S 

$3,000. A little later he reduced the cost to 
^500 a pint, and the whole scienti&c world 
rang with the achievement. 

When I visited Mr, Tripler's laboratory I 
saw five gallons of liquid air pouretl out Like so 
much water. It was made at the rate of lifty 
gallons a day, and it cost, perhaps, twenty 
cents a gallon. Not long ago Mr. Tripler per- 
forraeil some of liis experiments before a meet- 
ing of distinguished scientists at the American 
Museum of Xatural History. It so hajipened 
that among those present was ,M. Pictet, the 
"father of liquid air." When he saw the 
prodigal way in which Mr. Tripler i>oured out 
the precious li(]uid, he rose solemnly and shook 
Mr. Tripler's hand. "It is a grand exhibi- 
tion," he exclaimed in French; "the grandest 
exhibition I ever have seen." 

The principle involved in air liquefaction is 
exceedingly simple, although its application 
has sorely puzzled more than one wise man. 
AVJien air is compressed it gives out its heat. 
Any one who has inflate<l a bicycle tire has felt 
the pump gi-ow warm under his hand. When 
the pressure is remove<l an<l the gas expands, it 
must take back from somewhere the heat which 
it gave out. That is, it must produce cold. 

Professor Dewar applied this simple jirin- 
ciple in all his experiments. He compressed 
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nitivms oxiilc fjas ami ethylene gsis, and by ex- 
|iaii(liiig iliuiti Huddenly in a B)>ccially con-. 
KlriK-Uil a|>{iaratu!i liu ])ri>ducotl a degree of cold 
w\\n-\\ li<|iii!li<;d air almost instantly. 

IJiit nitrous oxiiie and ethylene are exceed- 
iiijriy cxiMdisivc and dangerous, so that the 
Iji'ihUiiL which Professor Dewar drew off was 
\vr)rl,li morn than ita weight in gold. 

Ai \\\t' (fiirliest announcement of the lique- 
facliiiri of air Mr. Tri])ler had seen, with the 
ijiiirk iina^iniition of the inventor, its tremen- 
dous jiossiliilitics as a power-generator, andlio 
In'fiiUi his f.\])oriments immediately. After 
futile iiltemjilsto utilize various gjises for the 
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live hopse-jwwer plant — to work upon; it is 
lianl to realize that tbe engine is drawing its 
raw material from tbe very room in which wc 
are walking and breathing. Indeed, the ap- 
paratus wliere the air is actually liquefied is 
nothing but a felt and canvas-covered tube 
about as large around as a small barrel and 
perhaps fifteen feet high. The lower end is 
set the height of a man's shoulders above the 
floor, and there is a little spout l)clow, from 
which, upon opening a frosty valve, the liquid 
air may Ik; seen bursting out through a cloud 
of icy mist. I asked tJie olil engineer who itas 
been with Jlr. Triplor for years, what was in- 
side this mysterious swathed tube. 

" It's full of |>ipes," he said. 

I asked Mr. Tripler the same (juestion. 

*'Pi]>es," was liis answer — " pipes and coils 
with esiiecially constructed valves — that's all 
there is to it." 

So I investigiited the ))i]>es. Two sots led 
back to the compressor engine, and Mr. Tripler 
explained that they both carried air under a 
pressure of about ^,.'')0i) pounds to the stjuare 
inch. The heat caused by the compression had 
been reuiovcil by jiassing the pijies through 
coolers lilled with running water, so that the 
air entered the liquefier at a tein])eraturo of 
about fifty degrees Fahrenheit. 
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" One of these pipes contains the air to 
be liquefied," explained Mr. Tripler ; "the 
other carries the air which is to do the liqne- 
fyiog. By turning this valve at the bottom of 
the apparatus, I allow the air to escape throng 
a small hole in the second pipe. It mshes oat 
over the first pipe, expwiding rapidly, and 
taking up heat. This process continnee until 
such a degree of cold prevails in the first pipe 
that the air is liquefied and drips down iato a 
small receptacle at the bottom. Then all I 
have to do is to turn a valve and the liquid air 
pours out, ready for use." 

Mr. Tripler says that it takes only fifteen 





form on the earth, much resembling the pres- 
ent lakes and oceans of water. 

"When the earth grows so cold that the air 
is liquefied," said Mr. Tripler, "of course all 
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tlie water on the eartli ivill long ago bavo been 
frozen soli<l. Indeed, it ivill be as liard as rock 
crystal, and not unlike that substance in color 
and texture. After tlie air is all in the form 
of lakes or oce;ins, the cold will continue to 
inei-caso until the^' in turn arc frozen hard, 
,\fter that the hydrogen, helium, and jKissibly 
some other vcr\' liglit gases, of which we may 
now have little knowledge, will fall in the form 
of rain, and then the world ivill l>e absolutely 
dead and inert, frozen as hard as the moon." 

This entire process of the universe is typified 
in !Mr. Tripler's laboratory, where e\ery de- 
gree of temperature, froiu Iho heat of a steam 




LIQUID AIR. 60 

lose, which is small compared with 9,940. 
Still, I don't think we haveany cause to worry; 
it may take a few biltion years for the world 
to reach absolute cold. " 

Mr, Tripler handles his liquid air ivith a 
freedom that is awe-inspiring. He uses a bat- 
tered saucepan in which to draw it out of the 
liquefier, and he keeps it in a double iron can, 
not unlike an ice-cream freezer, covering the 
top with a wad of coarse felt to keep out as 
much heat as possible. 

" You can handle liquid air witli jxirfect 
safety," he said; "you can do almost any- 
thing with it that you can do with water, ex- 
cept to shut it up tight." 

This is not at all surprising when one re- 
members that a single cubic foot of liquid air 
contains 748 cubic feet of jur at ordinary ])ress- 
ure — a whole hall-lxKlroom full, reduced to the 
space of a largo ]»ail. Its desire to exjiand, 
therefore, is something (juite irrei)ressiblc. But 
so long as it is left open it simmers contentedly 
for hours, finally disappearing whence it came. 
There being no way to confine liquid air in any 
considerable quantity, its transportation for 
long distances is therefore an unsolved problem, 
although Mr. Tripler has sent large cans of it 
to Boston, Washington, and Philadel])hia. 

"It is my belief," comments Mr. Tripler, 
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along the floor in beautiful billowy clouds. 
No other subslanco in the world, unless it lie 
liquid hydi-ogen, is as cold as liquid air, and yet 
Mr. Tripler (lijis his Iiand foarlessiy iuto a jmil 
of liquid ail", but he is careful to withdraw it 
instantly. The reason tttat it does not freeze 
him at once is tlie same that enables the work- 
man to dip his hand into molten lead, the mois- 
ture of the human flesh forming a little cushion 
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of vapor which keeps away for a second the 
effect of the colli or the heat. A few drojts 
held in my hand for an instant felt exactly 
like a red-hot coal. It does not really burn, of 
course, hut it kills, leaving a little red blister 
not unlike a burn. For this reason, one of its 
prospective uses will l>e for the purpose -of 
cauterization in surgical cases. It is not only 
a goo<l deal cheaper than the ordinary caustics, 
bat is much more efficient, and its action can l>e 
absolutely controlled. Indeed, a well-known 
surgeon jjerforined a difficult operation on a 
cancer case with liquid air furnished by Mr, 
Tripier, and reported the case to be absolutely 
cured. 

It is a curious thing to see liquid air placed 
in a teapot boiling vigorously on a block of ice, 
but it must be remembereil that ice is nearly 
as much warmer than liquid air as a stove is 
warmer than water, so that it makes liquid air 
boil just as the stove makes water boil. If this 
same teapot is placed over a ga£ flame, a thick 
coating of ice will at once collect on the bot- 
tom between the kettle and the blaze, and no 
amount of heat seems enough to melt it. 

Alcohol freezes at so low a temi^erature — 
202 degrees below zero — that it has been used 
in thermometers to register all degrees of col<!. 
But it will not measure the fearful cold of liquid 
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then it froze solid, and Mr, Tripler held 
it up in a long steaming icicle. Mercury 
is frozen In liquid air until it is us hard as 
granite. Ifr. Tripler mode a little pasteboard 
box the shape of a hamraer-hoad, filletl it with 
mercury, susjieiided a rod in it for a handle, 
and then jilaced it in a pan of liquid air. In a 
few minutes the mercury was frozen so solid 
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has been filled mth liquid air for a few min- 
utes ViiU, if dropped, shatter into a hun<lred 
little fragments like thin glass. Copjier, gold, 
and all precious metals, on the other hand, are 
made more pliable, so that even a thick piece 
can be bent readily between the fingers. 

Not long ago Mr, Tripler took a can of liquid 
air to the Harlem River, and poured it out on 
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the water in order 
to see its effect. 
Small masses of it 
at once collected 
i n little round 
balls on the sur- 
face of the river. 
anil being so nincb 
colder than the 
water, they froze 
small cups or 
boats of ice, in 
Avhich they began 
floating about 
swiftly, buuiping 
up against one 
another like so 
many lively water 
bugs, finally boil- 
ing away and 
disappearing, 
leaving the min- 
iature ice boats 
quite still. If a 
small quantity of 
liquid air is placed 
in a tall jar of water, part of the liquid nitro- 
gen, which is lighter than water, will evajjo- 
rate first, then the liquid oxygen, wliich is 




LIQUID AIR. 65 

slightly heavier than the water, will sink in 
beautiful silvery bubbles. 

I saw an egg frozen in li(]ui<l air. It came 
out so liard that it took a sharp blow of the 
hammer to crack it, ami the insiile of it had 
the |>cculiar crystalline apfxiarance of ([uartK — 
a kind of mineral egg. At one time in JJos- 
ton, Mr. Tripler had some of his liquid air with 
him at a Iiotel, whore he was explaining its 
wonders to a |>arty of frien<ls. The waiter 
served a fine beefsteak for dinner, and Mr. 
Tripler ])rompt]y dijiped it into tlio liquid air 
and then retiirnctd it with some show of indig- 
nation to the chef. It was as hanl as rock 
crystal and when dropped on the floor it shiv- 
ered into a thousand pieces. 

"The time is certainly coming," siiys Mr. 
Tripler, "when every great packing house, 
every market, every hos|)ital, every hotel, and 
many private houses ivill liave |)l!i.nts for mak- 
ing li<juid air. Tlie machinery is not expensive, 
it can be set up in a tentli part of tlie spjice 
occupied by an ammonia ice machine, and its 
product can be easily handled and placed 
where it is most needed. Ten years from now 
hotel guests will call for cool rooms in summer 
with as much certainty of getting tliem aa they 
now call for wann rooms in winter, 

" And think of what unspeakable value the 
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liquid air will be in hospitals. In the first 
place, it is absolutely pure air; in the second 
place the proitortion of oxygen is very large, 
so tliJit it is ^^tali^ing air. "Why, it will not be 
necessary for the tinnl-out man of the future 
to make liis usual summer trip to the moun- 
tains. He can have his ozone and his cool 
huijrhts .served to him in his room. Cold is 
always a disinfectant; some disease germs, like 
yellow fever, it kills outright. Think of the 
value of a ' cold wan! ' in a hos])ital, where the 
air could lie kept absolutely fresh, and where 
nurses and friends could visit the patient with- 
out fejir of infection! " 




hancUetl like so much 
sand, tlicre being not 
tiie slightest danger 
of explosion frum 
concussion. ;i 1 - 
though, of course, 
it would liave to be 
kept away from fire. 
It wiE take many 
careful experiments 
to ascertain the best 
method for making 
this new ex]ilosive, 
but think of the 
rewai'd for its suc- 
cessful applicutiuii ! 
The expense of 
hea^'y arumunitimi 
and its dif ficiil i 
transportation and 
storage would be en- 
tirely done away *vith. No uiore woidd war- 
ships be loade<l down with cunil>ersome explo- 
sives, and no more could tliere be terrible 
powder exi»losions on shii)board, liecause the 
ammunition could be uiiuie for t)ie guns as it 
was neetled, a plant on shipboard furnishing 
the necessary liquid air. 

Liquid air, owing to the large amount of 
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oxygen which it contains, will make steel burn 
violently. Mr. Tripler places a little of it in a 
tumbler made of ico, Jirid then thrusts into it a 
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steel spring having at tlio end a liglite*! match. 
The moment tin; steel strikes the \n\n\A air it 
burns like a splinter of fat pine. Tliis cx]»eri- 
ment shows a most astonishing range of tem- 
penitui-e. Here is steel burning at 3,500 de- 
grees above zero in un ice receptacle containing 
li(]ui(I air at 312 degrees beloiv zero, 

Hut all other uses of liquid air fade into in- 
signiiicance when compared with the possi- 
bility of its utilization as ]>ower for running 
machinery, which is Mr. Triplcr's chief object. 
I saw i[r. Tripler admit a rjiiart or more of the 
liquid air into a small engine. A few seconds 
later the ])iston began to jtump vigorously, 
driving the fly-ivjieel as if under a heavy head 
of steam. The liquid air had not been forced 
into the engine under i)rossuro, and there was 
no ]ierceptil)le heat under the boiler ; indeed, 
the tube which passed for a boiler was soon 
shaggy with white frost. Tet the little engine 
stood there in the middle of the room, running 
apparently without motive ])ower, making no 
noise and giving out no heat and no smoke, 
and producing no ashes. And that is some- 
thing that can be seen noivhere else in the 
world. 

" If I can make little engines run I»y this 
power, why not big ones? " asks Mr. Tripler. 

" And run them entirely with air? " 
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" Yes, with liquid air in ]>Iaf(i of the watar 
now used in steam boilers, ami the onlinary 
Iieat of the air instead of the coal un<ler the 
boilers. Air is the clieajtest material in the 
world, hut we have only begun learning how 
to use it. We know a little about compressed 
and liquid air, but almost nothing about utiliz- 
ing the heat of the air- Coal is only the sun's 
energy stored up. What I do is to use the 
sun's energy direct. 

•' It is really oue of the simplest things in 
the world," Mr. Tripler continued, "when 
j'ou understand it. In the case of a steam- 
engine you have water and coal. You must 
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we are 382 degrees warmer tlian liqukl air, 
Tlierefore, coiniiared witli tlie cold of liquid air 
wo arc living in a furnace. A race of [)eo|>le 
who could live at 312 degrees below zero \voiild 
shrivel up as <]uickly in this room as we would 
if we were shut up in a baking oven. Now 
then, 3'ou have liquid air — a liquid at 312 de- 
grees below zero. Yon expose it to the heat 
of this furnace in wliich we live, and it boils 
instantly and throws off a va[H>r which ex- 
pinds and produces jjower. That's simple, 
isn't it ? " 

It did seem simjile; and you i-eniembcr witli 
admiration that Mr. Tripler is the first man 
who ever ran an engine with liquid air. as ho 
was also the first to invent a macliine for mak- 
ing litpiid air in (juantities, a machine which 
hiis since been jiatented. 

In some res])ects li(|uid air ])ossesscs a vast 
supremacy over steam. In the first phice, it 
has about one bundrcil times the exjtansive 
power of steam. In the second jilaco, it Ijcgins 
to produce power tJie instant it is exjiosed to 
the atmosphere. In making steam, water has 
first to Im) raised to a teniiwrature of 212 de- 
grees Fahrenheit. That is, if the M'ater as it 
enters the boiler has a tem]ierature of 50 de- 
grees, 102 degrees of heat must be jiut into it 
before it will yield a single pound of pressure. 
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"Liquid air can be applied to any engine," 
says Mr. Tripler, "and used as easily and as 
safely as steam. You need no large boiler, no 
water, no coal, and you have no waste. The 
heat of the atmosphere, as I have said before, 
does all the work of exi>ansion." 

The advantages of compactness, and the ease 
with which liquid air can be made to produce 
power by the heat of tlie atmosjiliere, at once 
suggested its use in all kinds of motor vehicles, 
and a firm in Philadelphia is now making ex- 
tensive exj>eriments looking to its use. A sat- 
isfactory application may do away with the 
present huge, niisshajMin, machinery-laden au- 
tomobiles, and make ])ossible small, light, and 
inexpensive motors. 

Mr. Tripler even predicts that by the agency 
of liquid air, practical aorial navigation can be 
assured. The problem which has hitherto de- 
featetl the purposes of aerial navigators has 
been the difficulty of producing a proitelling 
machine sufficiently light and yet strong 
enough to keeji the propeller in motion. Liquid 
air requires no boilers, no fuel, no smoke- 
stacks, and the machinery necessary to its use 
will be a mere feather's weight compared with 
the ordinary steam engine. 

Much has yet to be done before liquid air 
becomes the revolutionizing ])ower of which 
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Mr. Tri]»ler has prophesied. It has many dis- 
advantageH as wnll as advantages, and it will 
utidoulitedly take Mr. Trijiler and oth«r inven- 
tors many years to [terfect the inachint.>s nw-es- 
sary for using it practically. It will jirobably 
he cliiefly valuablct in cases isJiere & source of 
]>cnvi'r must lie pnxluced at one place and used 
at another. This much, howei'er, lins tieen 
]>ositively accomplished: A machino has lieen 
Imill which will make liquid air in large quan- 
tities at small B.\pense, and an engine ftas heen 
sticcpssfnlly run by liijuid air. Other devel- 
(.i]nia'ntB will undoubtedly come later. 
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CHAPTER III. 

TELEGRAPUINU WITHOUT 1V1RE8. 
Hoto Marconi Sends Mestagea Through Space. 

Marconi was a mere boy wlien he first be- 
gan to dream of the marvellous ]x>saibility of 
sending telegraph messages without wires, 
lie was barely twentj'-one, a shy, modest, 
beardless youth, wlien he went up to London 
from his quiet country liomo in Italy to tell the 
world about one of the greatest inventions of 
the century. A few months later tliis boy 
had set uj) liis iip|>aratus and was telegraphing 
all sorts of messjiges through the air, through 
walls, through houses and towns, through 
mountains, and even through the earth itself, 
and that with a mechanism hardly more com- 
plicated or expensive than a. toy teloi)hone. 
The present system of telegraphy by means of 
wires, the sending of long desi)atches over con- 
tinents and under oceans, is quite wonderful 
enough in itself, but here was an inventor who 
did away entirely with wires and all other 
means of mechanical connection, and sent his 
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iiH'ssiigos (lirwtly tlinmgli space. It is for this 
tiiiiL Miiniiiii was fiiiiious tbe workl over at 
twcnty-livo. 

Till" youny inventor is describoil as lieing 
tiill ami Kliiiitlcr, jinil <lark of com()l(!xioii, Al 
tiioii;;!) lit; bearK Jin Italian iiaino and ivas bom 
ill I'ologiia, Italy (in 1S74), and etlncJitod at 
Iloloj^na, Loj^diorn, anil Florence, lie is only 
li;ilf Italian, his motlier being an Englisti 
woman. lie speaks English i-eadily and 
Htu'iitly, and he appeai-s to like London better 
thun Jiis native land. His lirst experiments 
wrr'i' carried on in tlie lields of liis father's 
I'stati', and consisted nioi'cly of tin boxes set np 
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tion. Our own Prof. S. F. li. Morse, the in- 
ventor of telegrapliy, cx]>crimente<i with wire- 
less signals, and so did Dr. Oliver Lodge and 
W. II. Preece of London, Thomas A. Edison, 
Nikola Tesla, Pi-ofessor Trowbridge of Har- 
vard, and others. 

In sending messages through space, Jdarconi 
<leals witli tliat mysterious all-jwrvading suit- 
stance known as the ether. In the English 
language the wonl "ether" has two totally 
different meanings. It is the name of a clear, 
colorless liquid, wliicli is used in surgical o|>era- 
tions for easing a ])atient of jiain. Every one 
has heaitl of "taking etherl" This liquid, 
however, has nothing to do witli the present 
subject, and it sliould Ih; entirely dismissed 
from the mind. The ether which carries 
Marconi's mes.snges is a colorless, odorless, un- 
seen, incimceivably I'iirelied substance which is 
supposed to Hll all space. Scientists know 
almost notliing as to its i>i'oj>erties, but they do 
know that it will vilmitc, and they have called 
these vibrations electricity, heat, and light. 

It seems strange cnougli that we should use 
the ether every time we build a fire under the 
tea-kettle, every time we read by the light of 
a gas-jet, every time we talk over the tele- 
phone, and yet know ne.xt to nothing about it. 

Throw a stone into a pond and you will pro- 
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(luce a series of siiiail waves or ripples — in 
other wortls, water vibrntions. Strike a bell 
and vibnitioiis in tbt' iiir bring tbu tsound to 
your ear. In a similar way ether has its o 
jieculiar vibrations. For instance, a star mil- 
lions of miles away starts the enormously 
rapid vibrations of light, ;iud these vibrations 
finally reach our eyes, as the ripples in a pond 
reach the shore. We do not really see the 
atfur; we are merely conscious of hght waves 
in the ether. In the same manner ethereal vi- 
lirations bring us the heat and light of the 
sun, and the awful energy of the lightning 
stroke. From this we know that the ether 
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solid. Every atom, even of the hardest tiia- 
mond, is afloat in ether. 

But if lieat, liglit, and electricity are all 
caused l»y ether waves, how can wo tell them 
apart ? 

The larger the stone ycm throw into the pond 
the larger the waves ])rodaceil and the more 
rapidly they travel. In a similar way ether 
waves are of widely different lengths and ra- 
pidity or frequency, Vihrations of one speed 
give light, another sjwed give heat, and still 
another give electricity. Science lias leiirned 
by a series of wonderful exj«riments that if the 
ether viin-ates at tlie inconceivable swiftness of 
400 trillions of waves every second, we see tlie 
coloi" red, if twice as fast we see violet. If 
more slowly, from lini) to 40() trillions to the 
second, we ex|)erience the sensation of heat. 
If more ra|)idly than violet, we have what 
science knows as '" unseen light " — the actinic 
rays and, ])riibably, X-rays. Our eyes will 
take in only seven colors with vibrations from 
400 to Son trillions a swond. If onr eyes 
were better we might see other degrees of 
vibrations, such as X-rays and various elec- 
trical currents, and know new colors, stranger 
and more beautiful, perhaps, than any that we 
now see. 

Ether waves should not be confused with air 
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still 



nudi 



s. Siiuml is a result uf the viliration of 
<ir: if H'e had etht-r ami no air we should 
sif and feel hoat and electricity, but there 
111 li.- niithiiig til lu-ai'. Air or sound 
■s are very slow conijwirwl ivith ether 
-s. A in:in's nnlinarv voice pnxluces only 
I i:io wavi-s a second, a woman's shrill 
nil will reach 2.0011 vjlmitions — a mere 
injr i-oTintaitHl with the hnndi-etis of tril- 
. which ivpresent light. Xor do air waves 
A iis ra|)idly as ether waves. In a storm 
■tlier brings the flash of the lightning long 
w the air brings the sound of thunder, as 
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wave tbat travels. Ket up a row of toy 
blocks. Ti|) over tlio first one, and it will tip 
over the seconci, and mo on to tbe ond. The 

blocks stav wiuTc tlinv iiro, l.tit the motion or 




wave goes onward to the end. An electric 
wave JB, of course, invisible. Imagine a cork 
on the surface of a jmnd at any distance from 
the place where a stone is dropped ; the cork, 
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ivlit'n tile wave reaches it, will bob up and 
liowii. Now, though we cannot see the electric 
ivavc, we can devise an arrangement which 
indicates the i>resence of the wave exactly 
aftt'r the manner of a cork. 

Eii'ctric waves were discovered in 1842 by 
.Tost'i'h Ilonrv, an American. lie did not use 
till" ])hr!ise "electric waves"; but he discov- 
ered that when he produce*! an electric spark 
an inch long in a room at the top of his house, 
olocti'ical action was instantly set up in another 
wire circuit in his cellar. There was no visible 
lui'jins of communication between the two cir- 
cuits, and after studying the matter he saw and 
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the number of brilliant electricians in tlie world, 
and the great interest in electrical phencuncna, 
it was left to the young Italian, Marconi, to 
frame the largest conception of what might be 
done with electric waves, and to invent instru- 
ments for doing it. 

Marconi's reasoning was exceedingly siin|»h'. 
The ether is everywhere: it is in tlie air and 
in the mountains ami in houses as well as in a 
copper wire. Electricity must, therefore, ]»ass 
through the air and the m()untain us well as 
through the 'vire. The dilficnlty lay in mak- 
ing an ap|>in'atus tJiat would prodiK-c a jiwMi- 
liar kind of wave, and to t-ali-h or receive this 
wave in a second !i])|)ariitus IcH-ati'd at a distance 
from the first. This he linally succeeded in 
doing liy the use of waves similar to those |iri)- 
diiced liy Jlertz. which he excited in as]M'cially 
constructed a]»]Kirjitus. These waves have a 
freiiuency of ahout :*.")(i millions every second. 
From the generating Ji])pan»tus this peculiar 
current is communieatwl ti> a wire which 
hangs from the top of a long ]>nle or mast, or 
from a kite, and it jwsses by induction, tlii-ough 
miles of air an<l earth and buildings, to a siK;ond 
hanging wire, wiiieh conveys it to a i-eceiving 
instrument, where the sigiuils ai-e registered. 
To nmlerstand this traiisfei- we Tiiust nn<ler- 
stand exactlv what induction means. An elec- 
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trical current may be oondw^tcd through coppor 
wire, water, iron, or any other gootl " conduc- 
tor." In indnetion the current passes directly 
through the other. When a current of elec- 
tricity pafises through a wire, magnetism is 
|ir(!sent arounJ that wire; and if another wire 
IjLi Itrnnght within the magnetic fteltl of the 
tl)arged wire and pkced jiarallel with it, it will 
also become charged ^vith electricity. That is 
iiiilnntifm, and It enablos Marconi to send his 
messages across the Channel from Englund to 
France, from ships on the se;i to stiore, from 
light-house to light-iiouse, and iicross wide 
stretches of oi>en eountry. 
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ing something to the I'oole station eighteen 
milea aivjiy in England. 

"Brri])i) — brripp— brripp— Itrrrnr, 
Brri|)p — Iirripp— Ijrrijip — li rrrrrr — 
Brripji — brrrrrr — brripp. Brripp— brrippi" 

So 8|»eaks the sen<ler witli noise and deliljor- 
ation. It is tl»e ilorso code wtirking — ordinary 
dotH and dashes whicli can be made into letters 
and words, as every lindy knows. With each 
movement »>f the key bluish sparks jump an 
inch between the two bniss knobs of the induc- 
tion coil, the s;imi' kind of i-oil anil the Siiirio 
kind of s]>arks that are familiar in experiments 
with the Uiintgon rays. For one dot. a single 
spark jumps; for one dash, thei-e (monies a 
stream of sjmrks. Ojie knoI> of the induetion 
coil is connofti'd with the earth, the other 
with the win^ lumgiiif; rjiini (he masthead. 
Each spark indicates a certain impulse from 
the ek-ctricnl battcTv; each one ()f thest^ im- 
pulses shixjts throufrli the wii-e, and fi-oni tlit 
wire through s]»;ice by vibrations of the ether, 
travelling at the sjieed nf light, or seven times 
aroun<I the earth in a second. That is all there 
is in the sending of these Marconi messages. 
Any [lei-son of fair intelligence could learn to 
do it, Morse ciwle and all, in a few honi-s. 

After sending a message tlie young ojiera- 
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tor switches on to the receiver, which is con- 
tained in -A metal box about the size of a valise. 
The same perpemiicular wire from the mast- 
head serves to receive messages as well as to 
si;ii<l tliem, but Lhe instruments witiiin the 
urtiL^e for sending and for receiving are quil« 
different. 

Tlie receiving apparatus is kept in ii Ica^l 
box to pi-olect it iigainst the influence of the 
sending inaohinc^, which rests beside it on the 
talile. You can easily believe that a rficeiver, 
st'iisitive enough to recortl impulsos fmm a 
lioint eighteen miles away, might be disorgan- 
ized if these impulnus came from a distanco of 
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mankind; yet the chief virtue of Marconi's in- 
vention lies here in tliia fnigile coiierer. liiit 
for this, induction coils would snap their mes- 
sages in vain, for none coulil i-ead them. In 
eacli end of this tid)e tliero is a silver plug, the 
two plufjs nearly meeting within the tul>e. In 
tlie narrow space I>etiveen the plugs nestle 
several hundred minute fragments of nickel 
and silver, the linest dust, siftings through 
silk, and these enjoy tlie strange property (as 
Marconi discovered} f)f being alternately very 
good conductors and very IkuI conductors for 
the Ilerf/ian waves^vciry goixl con<!uctors 
when wcl'led togetlier by the passing current 
into a continuous metal |Kith, very bad con- 
duetors when tlicy fall apart under a blow 
froni the electrical tapper which is a part of 
the receiving apjKiratus. One end of the co- 
herer is connccte<l witli the wire wliicli hangs 
from tlic mast outside, the otlier with tlie earth 
and also witli a home battery that works the 
tap])er and tlie Morse printing instruiuent. 

And the i>racticid operation is tliis: A single 
vibration coines through the etlier, do^vn tlic 
wire and into the colu'rer, causing the |ijirti(.'les 
of metal to stick togetlier or nihrf (hence the 
name). Then the Morse instrument prints a 
dot, and the tapper strikes its little liauimer 
against the glass tube, Tliat Wow jars apart 



103 THE BOY a BOOK OF ISVES'TIOXS. 



or (k-cohei-ea tlio ]ijirticle8 of iiiotal, tuiil fin^ts 
llio cHiTwnt of till' lioiiio buttorv. Ami each 
8ue<««8iv« iHi)>ul8» throHtjh thu ctlier producea 
tliu »imR uuriuiiij oohert^ncu niul ilucohcronco, 
!iti(t the »a,iiie printing of dot or Aas\\. The 
tiii|>uliw!) through the ether would nevw be 
strong enough of themsolvos to work the print- 
ing instnimcnt ami tlio Ijip^wr, hut thoy aru 
strong cnougli to ojHtn iind dost- A volru (tiiu 
mi-Xi\\ dust), which l(>ts in or shuttt out tlia 
utronger current of the home hatlery— all of 
which iH mm|)lo enough after Bome one hu 
taught the worhl how to do it. 
&lr. Olevolund MuSett. who has made ft per- 
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"Ami you tan send messages through hiils, 
can you not, antl in all kimls of weivther ? ' ' 

" Eiisily. We have done so repeatedly." 

" Then if neither land nor sea nor atmos- 
pheric conditions can stop yon, I don't see why 
you can't send niessiiges to any distance." 

" So we can,'' said tlie electrician — " so we 
can, given a sufficient lieiglit of wire. It has 
become simply a question now how high a nuist 
you ai-e willing to erect. If you double the 
heiglit of your mast, you can send a message 
four times as far. If you trel)le the height of 
your mast, you can send a message nine times 
as far, and so on uj). To start with, yiiu may 
assume that a wire su.s)>ende<l from an eighty- 
foot mast wUI send a. message twenty miles. 
M'e are <ioing about that hei-e. " 

"Tlien a mast lOU feet high would send a 
message eighty miles? " 

" Exactly." 

" And a mast 3^0 feet high would send a 
messiige 320 miles; a ma-st fi4o feet high 
would send a message 1,^^!" miles; ami a mast 
1,2?SU feet liigh would send a messiige 5,12U 
miles 'f ' ' 

"That's right. So you see if there were 
another Eiffel Tower in New Vork, it would be 
possible to sen<l messages to Paris tlimugh tlie 
ether and get answers without ocean cables." 
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'• Do you really tbinl: that would be poBsi- 
bk-V" 

" I see iio roason U) duubt il," unswerwl Dr. 
Erskine-Murray. " Whnt ai-o a fuw tbousiind 
miles to this ivooderfiil pther, which brings ns 
iiur light every diiy from milliona of miles 
away? " 

One of the greatest of ]>rEisont difRculties i.f 
that of securing secreey in the tmnsiiilssion of 
iheso ethereal messages. Tlio vibniliuns from 
the ])erpendiciilar wires are tntnsmiited equally 
well in every direction, exactly us circular 
waves are prodacod when a stimo is thrown in 
the water. Therefore any onu may set Dp a 
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Marconi lias been experimenting witli a copper 
reHectitr, by means of whicli he tlirows a \iec\\- 
liar kind of electrical wave directly tlu'ough 
apace to the distant receiver. In this way a 
niessiige may I)e aimed in any direction by sim- 
ply turning the reflector a little, and no one 
but the man at the receiver can know what is 
being sent. TJiis exceedingly important fea- 
ture of the work is, however, still in an ex|)eri- 
mental stage, and the inventor who is success- 
ful in making a i-eally jiractical reflecting 
appamtus will win a fortnne. 

The ))ractical uses of wireless telegraphy are 
many. In December, l^-HS, the English light- 
ship service authorized tlie establisliment of 
wireless conimnnication between the South 
Foreland ligbthfiuse at Dover and the Kast 
Goodwin lightship, twelve miles distant. 
This was installed in the usual way without 
difHculty, and has been in operation ever since, 
the lightship kee]>ers learning to use the instru- 
ments in a few days. \n<\ l)efore the ap]>a- 
ratus hiul bei?n np six months several warnings 
of wrecks and vessels in distivss reached sJiorc, 
when, but for tlie Marconi signals, nothing of 
the danger would have been liiiown. 

Another application of wireless telegraphy 
that promises to l>ecr)inL' imjiortant is the sig- 
nalling of incoming and outgoing vesst^s. 
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AVitli Marconi stationH all along tliu cou^t, it 
wuiilil i>e possible fnr all vessels within Ivvont^'- 
livi.' miles of slioro to make their presence 
kmiwH anil to semi or re«?ive commuaiuutioDs. 
Sii apjMrent are the advantages of siicli a 
system that in May, ISflS, Lloyds began negi)- 
tiations with the Wirele^ Telegraph f'onipany 
for sotting up instrnraents at various Lloytla 
stations; and a prciiniinary trial was made 
U'twi'en Bally-cHstle and Kathlin Island in the 
nortli of Ireland, The distance signalled was 
seven and a half miles, with a high cliff inter- 
vening between the two positions, and the 
results of many trials were absolutely satis- 
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to England? Thirty-two miles aeeiiied a long 
way ! 

Marconi transmitted deliberately a short 
message, telling tlic Englishmen that he was 
using a two-conti metro spark, and signing 
three V's at the end. Then he stopped, and 
the room was silent with a straining of ears 
for some sound from the receiver. A moment's 
])ause, and then it came briskly, and the tape 
rolle<l off its message. There it was, sliort and 
common])Iace enough, yet vastly iniiwrtant, 
since it was the Jirst wireless message sent 
from England to the Continent: First "V," 
the call; then " M," meaning ■' Yonr message 
is |>erfeet " ; then, "■ Same here, 2 c m s. V V 
A'.," the lastljeing an abbreviation for two cen- 
tinieti-es and the conventional finishing signal. 

And so the thing was done; a marvellous 
new invention was come into the world to 
stay. 

On the following Wednesday Marconi did a 
graceful thing by sending a coiiiidimentary 
message to M. liraidy (in Paris), the inventor 
of the original coherer, which Marconi had im- 
(inned ujion. lie also sent a long niesssige to 
the Qu»,H!n of Italy. 

Mr. J[offott aske<l one of Marconi's chief 
engineers if then* was not a great saving by 
the wireless system over cables. 
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■'Judge for yourself," was the answer. 
■■ Every mile of deep-sea cable costs about 
^751); every mile for the land-ends about 
1^1 jkW. Wo save all that, also the great ox- 
jicnse of keeping a cable steamer constantly in 
coirimission making repairs and laying new 
lengths. All we need is a couple of masts and 
it little wire. The wear and tear is practically 
nothing. The cast nf running is simply the 
cost of homo batteries and operators' keep." 
" How fast can you transmit messages? " 
"Just now at the rate of about fifteen 
words a minute; but we shall do botk-r than 
that, no doubt, with exjjorience, " 
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periments in syntony, which I niaj' describe as 
the electrical tuning of ft particular transmitter 
to a particular receiver, so that the latter will 
respond to the former and no other, while the 
former will influence the latter and no other. 
That, of course, is a possibility in the future, 
but it may soon be realized. There are even 
some who maintain that there may be produced 
as many separate sets of transmitters and re- 
ceivers capable of working together as there 
are separate sets of Vale locks and keys. 
In that event, any two private individuals 
might communicate freely without fear of be* 
ing understood by others. There are |)ossibiIi- 
ties here, gmnting a limitless number of dis- 
tinct tunings for tniusmitter antl receiver, that 
threaten our whole telephone system— I may 
add, our whole ne\vs])a]>er system." 

" Our ncwspa])ei' system ? " 

" Certainly, the news might be ticked off 
tapes eveiT hour right into the houses of all 
subscribers who had receiving instnnnents 
tuued to a certain transmitter at the news-dis- 
tributing station. Then the subscribers would 
have merely to glance over their tapes, and 
tbey would learn what was happening in the 
world." 

"Will the wireless company sell its instru- 
ments? " 
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"No, it win rent them on a royalty, as tele- 
phone companies do, except, of course, where 
riglits for a. whole country are absolutely dis- 
]K>se(l of." 

Tiiere was further talk of the possibilities in 
wireless telegraphy, and of the services Mar- 
coni's invention may render in coming wars. 

" If you care to stray a little into thereahnof 
speculation," said the engineer, "I will jxiint 
out a rather sensational j-6Ie that our instra- 
inents might play in military strategj". 8up- 
pose, for instance, you Americans were at war 
with Spain, and wished to keep close guard 
over Havana harbor without sending your fleet 
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much as quitting his deck, lie may report 
every movement of the Spanish warships as 
they take place, even while he is following 
them or being pursued by them. So long as 
he keeps within twenty or thirty miles of the 
submerged cable-end, he may continue liis com- 
nmnications, may tell of arrivals and depart- 
ures, of sorties, of loading transports, of filling 
bunkers with coal, and a hundred other details 
of practical warfare. In short, this captain 
and his innocent-looking cruiser may become a 
never-closing eye for the distant American 
fleet. And it needs but little thought to see 
how easily an enemy at such distidvantage may 
be taken unawares or he led into lietraying ini- 
[Ktrtiint plans." 

Ami here, I think, we may leave this fasci- 
nating subject, in the hojje that we have seen 
clearly what alrea^ly is, and with a half dis- 
cernment of what is yet to he. 
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Sixtiz-aix Jtliles an Hour o\ 



1 Ordiitary Road. 



Step up and take your seat in the world's 
very newest and most marvellous vehicle — the 
motor carriage. As you sit facing forward, 
where tho horse ought to bo and isn't, your 
right hand fits easily and naturally over tho 
smooth handle of a lever. Press your thumb 
down hard on a little button at the to|> and a 
bell rings sharply — a mere friendly warning 
that yon ai-o about to start. Now push the lever 
forward one notch and off j'ou go, smoothly 
and steadily, but slowly; another notch, and 
you are making tho s|iee<I of a trotting horse ; 
still another notch, and you are flying like 
the wind, far faster than any horse ever goes 
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under harness. "WJiile your rigJit hand is thus 
employed ivith the speeiiing lever, yoiir left is 
firmly holding the steering handle, s^vinging 
the vehicle, this way and that, around corners 
and past obstacle as easily as if it were a bicy- 
cle. If yiiu wish to stop sudilenly, your fof)t is 
on a brake; a slight push and the vehicle comes 
to a standstill. 

Variations there are in the arrangement of 
levers and brakes in different vehicles, but 



I 
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tliey uiu LiU eiiiiiilly simple of management. 
Tou can travel from daylight to dark and never 
suffer with a worn-out horse ; you can run away 
from the dust an<l eacajie the flies, and if you 
reach a railroatl crossing just aa a train is pass- 
ing, your motor carriage never takes fright and 
runs away. When you reach homo there is no 
troublesome unharnessing, nor rubbing-down, 
and your carriage is ready at a second's notice 
to start on a now expedition. And as for the 
carriage-whip, it will follow the horse out of 
existence. 




[■ RnNABOCT 



OnH "v few ^vears ago, in 1894, there were 
not thirty of these remarkable vehicles in prac- 
tical use in all the world. At the beginning 
of 180S there were not thirty in all America. 
And yet so great was the success of the inven- 
tor, and so widespread the interest of the pub- 
lic, that the manufacture of motor vehicles sud- 
denly became a great industry. In the first 
four months of the year 1S99 alone, corporations 
with the enormous aggregate capitalization of 
more than ^300, 000,000 were organized in New 
York, Boston, Chicago, and Philadelphia; and 
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8KKPULI.BT STEAK CAB, 



ill miiny cities of tlio East motor velncles have 
become so fiiiiiiliar on the streets that they are 
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uuticed hardly more than horse carriages, Moi-e 
than that, motor ambulances, motor trucks, 
motor gun-carriages, motor stages, and motor 
(ire-engines are in operation in Tarious cities. 




A DAlULHIt PETKOLeUM-KSOIKE CAHHIAGK. 

In France and England the motor vehicle has 
become an established and powerful factor in 
the common affairs of life. France has a power- 
ful motor vehicle or "automobile " club ivhich 
gives frequent races and exhibitions. At a sin- 



THE }fonKRX MOTOR VEHICLE. 12i> 



^•*|U^' 









gle gathering more tlian 1.500 vehicles weru 
shown, representing every conccivaljlo inodel- 
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fi'odi milk-wagons to fashionable broughams 
anil Uio huge lirakcs of Do Dion and Bouton, 
wliit'li carry almost as many imssengors us a 
i;iilroad car. Some of the expert "drivers" 
'if Paris have ridden thousands of miles in their 
I'liiid wagons, have elimbod mountains, and 
ruLCtl through half uf Europts, meeting now 
iiL-fidents, facing new adventures, and using 
striingo new devices for which names have yet 
In lio coined. 

The motor races <if Paris have been by far 
till' most unique and ronmrkublo that the worltl 
hiis ever seen. Both M. Itunu do Knyff and 
t'mint Ohasseloup-Laubat, of Taris, have made 
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lK!n?age of tin? ourrent. To see " I^i Jiimuis 
Contente " oqo would think that no driver over 
would dare to risk his life upon it. And, in- 
deed, after tiie current is tiirne*! on and the 
wheels begin to revolve, it is either fly op bum, 
flo tremendous is the power of the batteries. 
At the famous record trial " La Jamais Cou- 
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ti'iitf " was towed out from Paris to the racing 
ruail by a liumble jietroleuin car. M. R^ne 
(lu Knyff gave the wonl to start. M. Jenatzy 
tnrneil on the current and hmced liimsclf, lean- 
in;^ well forwanl, with his hands firnOy clasping 
till' sloei-ing wlieel. TIip car moved off some- 
wliat slowlj' at first, hut after going about 10 
yards, lit<;raUy bounded forward, the wheels 
for a moment idmost leaving the tnick. Tlierc 
\v;is a blue-gray streak <h>wn the road, jv faint 
cltiiid of dust, and the famous carriage was 
making mortj than a miloaminntc. The sound 
i)C tlie miitor was described by a spectator as 
rcupiiibling tlm rustling of wings, and the ear 
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an hour, and il. Jenatzy ■went away declaring 
that he shoiihl soon make 75 miles an )iour. 

In general it may be said tliat Franco has 
led in gasolene vehicles, and England in Hteam 
vehicles, whilo America, as wjis to tw ex|x!cted, 
has l»ecn far in tho lead in electrical convey- 
ances of all kinds. IJelgium and Germany, and 
to st)ine extent Austria, have also been exjieri- 
menting with more or less success, but no such 
progress lias l)ocn nuwUs in those countries as 
in France. It was not until lSi>S that Spain 
rubbed its eyes for the first time at the sight 
of a motor vehicle, which rolled through MemI- 
rid with half a dozen little policemen careering 
after it. 

In a general way, it may be said that the 
IxBt modern motor vehicle, whatever its pro- 
pelling power, is practically noiseless and odor- 
less and nearly free from \'ibration8. It is still 
heavy and clnmsy in api>earance, although it 
is lighter than the jtresent means of convey- 
ance when the weight of the horse or horses is 
counteil in with the carriage. And invention 
will soon lighten it still further. It cannot 
possibly explode. It will climb all ordinary 
hills, and on a level rou<l it will give all speeds 
from two miles an hour up to twenty or more. 
Its mechanism has been made so simple that any 
one can learn to manage it in an hour or two. 
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A iiii yet it is ineclianidni ; ami intelligenoe, cool- 
ness, and caution are re«|iiiro(l to mana^ a mo- 
tor VL'bicIu in :i crowtUxl stroot. This o|)orator 
must coraliiiio tliu iiitt^tUigtMico of tlio tlrivcr with 
thiit uf tlio liopso, and lio dotw uot appreciate 
tlie nlmost human sagaoityof that ciespised ani- 
mal until hp has tritMi to steer a motor vohiolo 
tlnwn Fifth Avenue on a sunny afternoon. 

Si'ven different motive jjowera are now ac- 
tually employed in thia tiountry: electricity, 
j^awolene, steam, compresswl air, carl»oni(!-atud 
f,MK. alcohol, and liquid air. The first threu of 
tlipse have btwn practically appHi^d with gnmt 
suwi'j^; nil the othor« ui-o more or less in thu 



J 
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where a constant supply of electricity can be 
had, electrical cabs, carriaj^, and delivery 
wagons have demon8trate<.l their remarkable 
practicability. 

Tlie vital feature of tho electric vehicle is 
tlio storage battery, which weighs from SOU to 
1,500 i>o«nds, tho entire weight of tho vehicles 
varying from about 900 to +,000 [Xjunds. A 
pluieton for ordinary private use will weigh 
up^vards of a ton, witli a battery of 900 
pounds. This immense weight requires ex- 
ceedingly rigid construction and high-grade, 
exi)ensive tires. The electrical current is easily 
controlled by means of a lever under the hand 
of the driver, the jtropelling machinery being 
comparatively simple. When the battery is 
nejirly empty, it may be recharged at any elec- 
tric-lighting station by tho insertion of a plug, 
tho time ro(]uired varying from tivo to three 
hours. Or, if the owner prefers, he can own 
his own charging jilant and generate his own 
electricity: it will cost him from $500 to $700. 
The current not only operates the vehicle, but 
it lights the lamps, rings the gong, and in cabs 
and broughams actuates a push-button arrange- 
ment for communication between passenger and 
driver. The limit of travel without recharging 
is from 20 to 30 miles. A good electric car- 
riage for family use cannot be obtained for 
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iiiucli less than $S,UOO, although one or two 
niiiniifjicturcrsadvortiso ruuabnutsand buggies 
jit from J750 to Jl.-ViO, An omnibus costs 

fi-oiii i^'A,m() to jii.noo. 

Tiie conii>an_v which oiwmtes tho electrio 
t'alj svst«ni in New York has a most exten- 
sive charging plant. Two Ijatteries ai-e pro- 
vided for uach voliiclo, so that, ivhen one is 
empty, it may Iw roinovwl by tlio hii^ fin- 
gei-s of a travelling crane, placed on a long 
talilc, ivn<l rooimrged at loiaure, wliilo ,i com- 
]ileti'ly fillod Imttery h introtlncetl in tts place, 
Tliin change talips only ii fi-w minut.<^, and 
the I'.ub can Im uiieil [continuously day lUu) 
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post without injury. The new man perches 
himself on the seat behind, and the instructor 
takes his place inside, where he is provided with 
a special arrangement for cutting off the cur- 
rent or applying the brakes, should the vehicle 
escape from the control of the learner. It 
usually takes a week to train a new man so that 
ho can manage all tlio brakes and levers with 
jwrfect presence of mind, Hoth of his hands 
and botli of his feet are fully employeil. With 
his left hand he manages tlic power lever, push- 
ing it forward one notch at a time to increase 
the speed. "With liis right hand he controls 
the steering lever, which, Ijy the way, turns 
the rear ^vheels and not the front ones, as is 
done with horse-propelled vehicles. His left 
heel is on the emergency switch, and Iiis left 
toe rings the gong. With his right heel he 
turns the reversing switch, and he may apply 
the brake with either his right or his left foot. 
When he ivishes to turn on the lights, he 
presses a button under the edge of the seat. 
Hence, he is very fully employed, both men- 
tally and ]>liysically. He can't go to sleep and 
let tlic old horse carry him home. 

In Fmnee the system of instruction for 
drivers or i-hmiffeure (stokers), as they are 
calle<l, is much more complicated and exten- 
sive, but hardly more thorough. There the 
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Ii coniiiany lias pro|>are(l a T'MJ-yard toiirse 
I hill ;iinl down, ami p!iv«(l it alternately with 
>! lilies, iis|)hiilt, wooden Mocks, and iiiacaihim, 
■ iis til give tlie incipient "cabby " exiwriencc 

(■very dilHcalty wliicli lie will meet in tlio 
r-c.-is .if I'jiris. Upon tlie inclines are jilaeed 
Liiiiroiis lay (igures, made of iron — a typical 
iiiisijiii iiiii'se-maid with a bassinet, ;i bicycle 
dir: !in old gentleman, jiresumably deaf, wlio 

Tint spry in gettinj^ out of the way; a dog or 
Ml, and |Ki|W'r bricks gjilorc. Down through 
lis ilii'ong must the motorman thread hi:s way 
id clang Ills gong, and he is not considereil 
rolicient until he can course the fnll length of 
(Ic Magdebourg, " us the cabbii 
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manufiicturers uf electrical veliicles si)ejik with 
conlklence of tlio day when the whole of the 
ITnited SUites will l>e as thoroughly sprinkled 
with electric ch!ir{j;ing stations as it is to-day 
with i>icycle road-houses. One manufiicturer 
has issued lists of liundrc<l8 of central stations 
thruugiioiit New England, New York, and 
other Eastern Stiitcs ivhere automobiles may 
he provided with power. 

It is not hanl to iinuginc what a country 
touring stiition will he like on a sunny summer 
afternoon some five or ten years hence. Long 
rows of vehicles ivill stand hacked uj) comfort- 
ably to the charging bars, each with its elec- 
tric plug filling the Iwittery with power. The 
ownei-s will l)e lolling at the tjihles on the ve- 
randas of the nearby road-house. Jfen with re- 
]>air kits will bustle about tightening up a nut 
here, oiling this bearing, and regulating that 
gear. From a long rubber tuljc compressed air 
will he hissing into pneumatic tires. There 
will also be many gasolene carts and n>ad 
wagons and tricycles, and they, too, will nwi\ 
repairs and pumping, and their owners will cm- 
ploy themselves busily in tilling their little tin 
cans with giisolene, recharging their tanks, re- 
lilling the water-jackets, and looking to the 
working of their sparking devices. And then 
there will be boys selling ])eanuts, arnica, and 
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(I lu r-t-pliisters, iind undoubtedly a cynical old 
fiiriutr or two with a pair of ambling mares to 
carry home SHcli of these new-fangled vehicles 
as iiiiiy Iwcome hoj>elcssly indisposed. A<ld to 
tilts bustling assembly of amateur " self-propel- 
lers '' a host of bicycle riders — for tliere will 
ibmlitless be as many bicycles in those days as 
(■\fr— and it will Iw a sight to awaken every 
sirious-mindetl horse to an uneasy consi<lera- 
til 111 of his future. 

Xoris this di-cam so far from being a picture 
of actual cunditifins. In Belgium a company 
lias i-ecimtly bwn formed to establish electric 
stations. Its in'oiiioters iihiii to )ia 
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hours 11 day, Wbeii it is left in the street out- 
side, the doctor takes with liiiii a little brass 
plug, or key, ivitliout which the vehicltt cannot 
run away or he moved or stolen. And, more- 
over, it is swifter liy half than the oi-dinary 
lacans of hxroiiiotion, so that in emergency 
cases it nuiy nuwin tlie Siuing of a life. One 
New York ]>hvsician recently put an electric 
cab to a most oxtmonlinary use. His ]Hitient 
had a broken arm, and he wishetl to photogmph 
the fracture with Iti'mtgen rays, but there was 
no source of electricity available in the resi- 
dence of the i>atient. So he made a connection 
\\ith the battery in his eab, \vhich stoo<l at the 
door; tlie rays were promptly applied, and the 
injury was located. 

AVhile the electric vehicle has been winning 
]>laudits for its work in the cities, where j)avo- 
ments are smooth and lianl, the gasolene vehicle 
hiis been efjually successful l)oth in tlio city and 
in the country. For ordinary use the gasolene- 
propelled vehicle has many important advan- 
tages. It is much lighter than the electric 
vehicle; it retjuires no charging station, gaso- 
lene being obtainable at every cross-roa<]s store; 
and it is moderately cheaji. All of tlie famous 
long-distance races and rides in Europe have 
been made in gasolene vehicles. On the other 
hand, most of the giisolenc veliicles are subject 
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>■ xltylit vihmtions due to the motor, and it 
. thutvtl imjH>!»ibk' to do an-ay entirely with 
h.' unplititmnt (xlors of burnt gases. Gasolene 
>t-liii-U>s »n> iii^vor »>1f-st.irting, it being neoes- 
i\\\ iM f;ivt> llio piston one turn by hand. In 
-i-iii'i-iil, lUsit, tlioy niv not as simple of man- 
ii^t>iHt>itt IIS \\w oUvtrio vehicle; there is more 
>i<i.'liiiu>rY to iuult>rsinm1 nnd to operate, uid 
ii.iii< i')iii> is tH<ci>!otiirv to keep it in order. Bot 
.\ Ikmi oiuv tlu> tlelniU nre mastered, tlie travel- 
or I'tin pt iilnuwt luiywbt're on earth with his 
','i'.<ili>iii< I'lirritip' : up bill nml down, over the 
i>iit^:l)<>Nl n);iils. ibmn^b mud and snow, a hiw 
liiiiiNi'ir. lit' fan luiikp almost any speed 
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I»ressed by the return of the piston, in the thinl 
it is exploded, and in the; fourth the ])nxlucts 
of the combustion ai-e driven out, and tlie end 
of the cvliiider is ivady for iinother charge. 
Thi^ explosion of the gas is |)r()iUtt'cd in the 
most a|>|>roviHl motors hv meims of im eloctric 
spjirk, tlicn; bciny no (ire anvwiicre connecteii 
witli the machine. Owing to the constant com- 
l>ression of the gases and the succeeding explo- 
sions, a gasolene motor liecomes Iiighly heated, 
and ill order to maintain a normal temjierature, 
it must be provided with a jacket of cold water, 
or a ])eculiar ribbeii arrangement of iron for in- 
(;reasing the radiating surface. A vast number 
of ingeniims dc^vices are used for making all of 
thes<! processes as simfilc as possible. One mo- 
tor is so arranged that no igniter is necessary, 
the gas being compressed in the cylinder to 
such a degree that it explodes of its own lieat, 
thereby doing away entirely with electricity or 
any other sparking device. In France most of 
the gasolene vehicles are still provided with 
what are known as "carburetters," or small 
clnimbers where tlie gas and air are mixed in 
the i>roper proportions anil heate<l before they 
are driven into the cylinder. In this country 
carburetters have Iwwn largely done away with, 
the gas being mixed as it pas.ses into the cyl- 
inder. 
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'IV driver of ;i {T.isolene vehicle must know 

L't'iu'i-iil facts alwiu tlic meclianisin of his 
lie must know how to fill the gstsolene 
waw tiinks. how to replenish or regnilate 
ittcrv which ignites the gas, and he must 
■stand thi! (n^linaiy i)ri>cesses of cleaning 
liling machinery. ^Vhen he is I'eady to 

iic must connect n|i the s]Kirking device 
urn the wheel controHing the ])iston until 
\]>losions lifgin. After that, he must see 

In' viilvi's which admit the air and the gas 
iirclully adjnste<l, so that tlie mixture is 
■\'-<\ to the cylimier in the proper itrojwr- 

;iik1 tJicn he is ready to go ahead, steering 
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can be made to ascen<l almost any liill, and it 
can be turned in half the space necessary for a 
horse vehicle. 

It is astonishing how little fuel it takes to mn 
a gasolene vehicle. One nianufacturor showed 
nie a ])haeton weighing"; 700 j)ounds which he 
Siiiil woukl run 100 miles on five gallons of 
gasolene, a hare half-dollar's worth, A tricycle 
manufactured hj' the siime compjiny, weighing 
150 pounds, will run 80 miles on three pints of 
gasolene. 

Gasolene vehicles vary in cost over an even 
wider range than electrical vehicles. A tri- 
cycle can be obtained as low as ¥;J5o, while an 
omnibus may cost into the thousands. A first- 
class road carriage, bnilt with all tJio liitest im- 
provements and highly serviceable in every 
res|>ect, can be obtained for Sl.ooii. At this 
price, the manufacturers assert that gasolene 
power is much cheai)er than hoi-se |)ower. One 
motor-vehicle expert has made some interesting 
comparisons, l>ased on an average daily run of 
25 miles for five years — more than the maxi- 
mum endurance of a first-class horse. His esti- 
mates represent ordinary city conditions, and 
rate the cost of the gasolene used at one-balf 
cent a mile: 
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(tri^inul cost of veLi<.^k• . 

(_;ost of oDeration, i wnt jjor inflo 

ri'i miles jkw iliiy .... 
New seta of Un5s during tivo yKai-s, 
Ueimirs on motor and vehiclo 
l';iintiiiy Tehiple foitr times . 
St,yriii};;and cure of veliicles, %i 

\wv year 



Original cost of borse, harness, ami 

vehicle 

Cost of keeping horse, d^fu.iiu \k\ 
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the relative value of each is the same at the end 
of five years, the cost of actual maintenance 
during that period would be $1,306.50 for the 
motor vehicle and $2,280 for the horse and 
vehicle, or $973.50 in favor of the motor vehi- 
cle. This comparison is really doing more than 
justice to the horse, becai^e a motor vehicle can 
do the work of three horses without injury." 

Steam has been successfully applied to the 
heavier grades of vehicles, notably trucks, fire- 
engines, and omnibuses ; and two or three 
American manufacturers have gone still fur- 
ther, and have produced light and natty steam 
buggies and runabouts, and even steam tri- 
cycles. Steam vehicles are easily started and 
8top[>ed, and fuel and water are always readily 
obtainable; but there is also the disadvantage 
of a slight cloud of steam escaping from the 
exhaust, accompanied by more or less noise. 
Moreover, in many States there are regulations 
(mostly unenforced in the case of motor vehi- 
cles) against the operation of steam-engines ex- 
cept by licensed engineers, and it is probable 
that steam automobiles will not be widely ac- 
cepted for pleasure purposes until the inventors 
have succeeded in producing a strictly automatic 
engine. 

Much has been said as to the use of com- 
pressed air for heavy trucks, and several im- 
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Kicnsc corporations have been oi^nijxHt to pro- 


luoie its use. The air is compressed at a central 


st;itiou, and admitted to heavy steel storage 


bottles, or tubes, connected with the track and 


us.'<l much like steam. The main difficulty in 


the process has been tho sudden cooling of the 


iiiacliineiy when the air is released from pres- 


sure and begins to take up heat. Often the 


]ii]>i'n and valves are frozen solid. To dt>al with 


this problem, a jacket of water lieatt>d by a 


■rn^ulene flame is provided for " reheating " the 


nil', a difficult and cumliersome process. Owing 


1 1 > 1 lie weight of the steel tubes, the compressed- 


air vehicles are Enormously heavy, and, like 


oi,......:.. -■ni,;«i™. t).^.. m..=. «.H,™ t« «,.„„ 
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main objection to this Bystem, as with com- 
pressed air, ia the enormous weight of the vehi- 
cle, which is upwards of 0,000 pounds. The 
truck has a carrying capacity of eight tons, 
making a total of 25,000 pounds. Such a vehi- 
cle presents problems which modern pavement 
builders have yet to solve. 

But the time is certainly coming, and that 
soon, when all heavy loads must be drawn by 
automobiles. Recent English experiments, al- 
ready mentioned, have established the feasibil- 
ity of the auto-truck even in its present experi- 
mental stage, and the inventor needs no further 
encouragement to prosecute his work. It is 
hardly possible to conceive the appearance of 
a crowded wholesale street in the day of the 
automatic vehicle. In the first place, it mil 
be almost as quiet as a country lane — all the 
crash of liorses' hoofs and the rumble of steel 
tires will be gone. The vehicles will be fewer 
and heavier, although much shorter than the 
present truck and span, so that the streets will 
apj)ear much less crowde<l. And with larger 
loads, more room, and less necessary attention, 
more business can be done, and at less expense. 

A New York manufacturer produces an odd 
variation of the motor vehicle in what he calls 
a "mechanical horse." It is a one- or three- 
wheeled equipment provided with an electric 
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iTicitor, aiwl it can bo itttaclied to almost iiiiy 
kind of carriage or wagon body and used for 
in'0]>ulsioii like a veritable mochanical lioi-se. 

As to just what form the fntnre motor vehicle 
will take there is tlio widest diversity of opin- 
iiiii. IlasinoBa clashes with art. Horse t 
riagcs are built high so that the driver (san sob 
over tho horse and avoid tlie dust. The Ci"st 
iriotor vehicles wei-e TUffrely "(.larriagos-with- 
oiit-the-hor8e,"and80itieof them looked ohirasy 
and odd enough, " bobbiMl off in front," oa one 
enthusiast told me. Strangely enough, how- 
o\er, manufacturers say that at jiresent the pub- 
lic demands just such vehicles, the low, light, 
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acceptance in France because the highways are 
all as smooth as park paths. Bicycling already 
has had a profound influence in spurring the 
road-makers, and the introduction of the motor 
vehicle will be still more effective. Colonel 
Waring estimated that two-thirds of all street 
dirt is traceable to the horse. At pi^jent it 
costs New York nearly $3,000,(H)0 a year to 
clean its streets. With new pavements such 
as the new soft-tired vehicles and the absence 
of pounding hoofs would make possible, street 
cleaning would become a minor problem. And 
new asphalt pavement, the best in the world, 
could be put down at the rate of 40 miles a 
year for what New York now spends for half 
cleaning its streets. 

As yet American law-makers have hardly 
touched on the subject of motor vehicles. In 
New York, if drivers keep out of Central Park, 
display a light, ring a gong, and do not speed 
faster than eight miles an hour, no one inter- 
feres mth them. Similar regulations prevail 
in Boston, and in other American cities. In 
Brooklyn the parks are free. France and Eng- 
land, on the other hand, hedge in automobile 
drivers with all manner of rules and regula- 
tions, and require them to be officially bcensed. 
In France, by recently promulgated articles, 
every type of vehicle employed must offer com- 
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passiDg bonaes, the nuudmnm of 12) miles must 
flot be exceeded. 

One curious difficulty in connection witb tbe 
new vebicle is tbe difficolty of tinding suitable 
Englisb names to designate it and its driver. 
Tbe Frencb, witb characteristic readiness in 
getting settled names for things, have, as al- 
ready noted, formally adopted the word "au- 
tomobile" for tbe vehicle and "cbaufTeur" 
(stoker) for tbe <lriver. But we of tbe Engbsb 
tongue are slower. At least a dozen names 
liave been used to a greater or less extent, such 
as "motor carriage," "auto-carriage," and 
"horseless carriage." In England, "self-pro- 
peller" is popular and so is "anto-car," tbe 
latter being. apparently tbe favored designa- 
tion, "Motor vehicle" seems to be the more 
generally accepted name in this country. But 
whatever it is, or is yet to be called, the thing 
itself must now be rate«l an accepted and estab- 
lished appliance of every-day Ufe. 



CHAPTER V. 

X-RAY PHOTOORAFHT. 

Dr. Jidnlgen's Great Discovery. 

Perhaps no inventor ever achieved world- 
wide distinction so quickly as Dr. William 
Konrad Kontgen. He discovered his famous 
X-Rays on November 8, 1895 ; in December he 
describetl them before the WUrzburg Physico- 
Medical Society; in January the marvel of the 
new rays which penetrate and photograph 
through almost every known substance was 
known all over the world, as well to news- 
paper readers as to the learned societies. A 
few months later many prominent scientists, 
both in Europe and in America, were experi- 
menting with Riintgen's rays, and within a 
year they had become a r^ular and exceed- 
ingly important factor in surgical operations. 
Moreover, no one disputed the originality of 
Dr. Ttiintgen's discovery; he had invented the 
first machine for photographing through solid 
substances, for taking pictures of the skeleton 
framework of the human body through the 
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bashy beard and long hair rising straight np 
from a high white forehead. When he is ex- 
cited or much in earnest he thrusts his fingers 
through this mass of hair until it bristles all 
over his head. He has an amiable face, with 
kindly although penetrating eyes. His voice 
is full and deep, and he speaks with the rapidity 
of great enthusiasm. Indeed, his whole bear- 
ing tells of boundless energy and unremitting 
vigor. One visitor compared him on first 
sight to an amiable gust of wind. 

Previous to the discovery which made him 
famous. Dr. Bbntgen had actually been pro- 
ducing and working with X-Rays for some 
time without knowing it. Indeed, other scien- 
tists had been doing much the same thing- 
experimenting all unconsciously on the very 
verge of the greatest discovery of years, but it 
remained for Dr. Riintgen, with his keener 
scientific insight, to see the unseen. 

The famous electrician Hertz, whoso discov- 
eries have made possible more than one great 
invention, had tried sending a high-pressure 
electric current through a vacuum tube, a so- 
called Crookes tube. A vacuum tube is a ves- 
sel of very thin glass, having a platinum wire 
fixed in each end. This ves.sel is as nearly 
empty of everything as human ingenuity can 
make it ; even the air is pumped out until only one 
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one-millionth of an atmosphere remains. Hertz 
connected one of these tubes to the poles of his 
battery by means of the platinum wires. When 
the ilischargebpgiin licobservotl tlt;it the anode 




— that is, the end of the tube connected with 
the iK)sitive pole of the battery — gave otf cer- 
tain peculiar and faint bands of light. But 
these were quite insignificant compared with 
the brilliant and beautiful glow at the other or 
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n^^tive end of the tube, which is called the 
catbode. This glow resembled somewhat the 
fierce burning of an alcohol lamp, only it was 
softer, more evanescent, and more striking in 
its coloring. It produced brilliant phosphor- 
escence in glass and many other substances, 
and Professor Lenard, Hertz's assistant, ob- 
served, in 1894, that the rays — "cathode 
rays," as they were called — would penetrate 
thin films of wood, aluminum, and other sub- 
stances. But this was as far as any of the ex- 
perimenters who preceded Rontgen succeeded 
in going. 

Strangely enough, both Hertz and Lenard 
produced X-Rays in abundance without know- 
ing it. These were, indeed, present in the 
glow from the cathode, only they were entirely 
invisible to the human eye. They are differ- 
ent from the rays described by Lenard, in that 
they are not deflected — that is, turne<l aside — 
by a magnet, and they are incomparably more 
powerful in range and in penetrating power. 
It will be seen, therefore, that while Dr. RiJnt- 
gen was not working in a wholly new field, 
his discovery is none the less entirely original. 

The discovery itself was made in a peculiarly 
interesting way. Dr. Rontgen had been ex- 
perimenting steadily for several weeks with his 
Crookes tubes. One day he bad covered the 
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tube with a light-excluding black shield. 
Then he luul darkeneil his laboratory so that 
not a ray of light coidil anywhere enter. To 
the eye everything was absolutely black. 
When the electric current was turned on, the 
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hooded tube did not show even a glint of light; 
bat something on a shelf below began to glow, 
very strangely. It was a piece of sensitive 
paper — barium platino-cyanide paper. Dr. 
Rontgen knew that no light coold come from 
the tube, because the shield that covered it was 
wholly impervious to light — even the strongest 
electric light. Where, then, did it come from? 
Dr. Eiintgen began at once an eager investiga- 
tion, moving the sensitive pai>er from side to 
side and covering the tube witli a still denser 
screen. And finally he came to the conclusion 
that certain unknown rays, wliether of light or 
not, he did not know, were actually coming 
through the screen, and giving the sensitive 
paper a distinct luminescence. It was contrary 
to all reason, to everything that the text-books 
taught, and yet Dr. lliintgen was force«l to be- 
lieve it. And having discovered the existence 
of the new rays, he began at once to experi- 
ment with them. He found that they readily 
penetrated paper, wood, and cloth, and that 
the thickness of these mediums made little dif- 
ference. That is, they would penetrate a thick 
book almost as easily as they would a single 
sheet of paper. Then he tried photographing, 
and found to his astonishment that the rays 
affected the sensitive film of the photographic 
plat«, leaving the shadows of the objects ez- 
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posed plainly outlined. For instance, he 
placeil bits of platinum, aluminnin, and brass 
inside of n wooden box, and found that not 
only did be get skiagraphs {8ba<lowgraphs) of 
them through the wood, but all the nails that 
held the box together and the brass hinges 
were likewise reproduced. Then he photo- 
grjipheil a s]m>o1 of wire, the wooden euds of 
the spool leaving a very faint shadow, and the 
wire a dark one. When he trieil glass, which 
is one of the most transparent of substances so 
far OS ordinary light is concerned, be found 
that the new rays passed through it only with 
difficulty, and that aluminum ivas much more 
transparent to thera than glass. In other words, 
if wo lived in an X-Ray world we might use 
aluminum for windows to let in the X-Ray 
"light," and glass for shutters to keep it out. 
After many exj^erinients of this kind, it sud- 
denly occurred to Dr. Riintgen that if the new 
rays ]}enetrate<;l all manner of substances, they 
would also (lenetrate the human body ; that, in 
fact, they were probably going straight through 
his hands and his head as he worked with them. 
So he placed his hand, palm down, on a photo- 
graphic plate, still in its black holder, arranged 
the Crookes tube above it, turned on the cur- 
rent, and in a short time he had a photograph, 
dim, it is true, but perfect, of the bony frame- 
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work of his hand — the first of the kind ever 
taken, and a marvel np to that time absolutely 
inconceivable. 

A little later be built a closet of tin just big 
enough to accommodate one man comfortably, 
and fitted it up with an aluminum window. 
Outside of the window he placed his new ap- 
paratus. Only the new rays would, of course, 
shine through the aluminum, and he could 
study them at Ins leisure. But after long and 
careful experimenting he could not decide what 
the new rays i-eally were, and although many 
theories have been advanced by prominent 
scientists, a really satisfactory explanation is 
still wanting. It is pretty generally believed, 
however, that Uiintgen's rays are only a " mode 
of motion" through the ether — that is, they 
are pro<luced by a certain peculiar kind of vi- 
brations in tiic ether. Dr. Riintgen himself 
gave them the name " X-Eays " — the unknown 
rays. 

But if the exact nature of the rays was a 
mystery, their uses and importance became 
familiar almost immediately. The apparatus 
was so simple that it could be fitted up in 
almost any laboratory. It consisted merely of 
a battery or dynamo current; a coil, usually a 
lihumkorff coil, for intensifying the current, 
and a Crookes tube, which might have any one 
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The K&nt^n rays hare been pnt to many 
marrelloDs uses, most of them connected with 
bone photography in snidery casee. And, 
strangely enough, when a physician is ready 
to photograph a broken arm, for instance, to 
see if it is properly set, he never thinks of 
removing the splints or the bandages; he sim< 
ply photographs through them. And that is 
the reason why such a photograph often shows 
pins and buckles. Frequently, in cases where 
the patient is verj' weak, the photograph is 
taken through the be<l-clothe8 as well as 
through the bandages — it doesn't make the 
slightest difference to these wonderful rays. 
It takes from two minutes to more than a hour 
to get a good skiagraph, but the operation is 
no more painful, if we count out the necessity 
of keeping still, than having a snap-shot taken. 

One of the earliest skiagraphs, showing the 
medical importance of the X-Eays, was taken 
in England. A boy of nineteen had injured 
his little finger playing ball, so that it was 
bent at the last joint, and he could neither ex- 
tend it nor bend it further down. Any at- 
tempt to do so caused him sharp pain. Before 
the skiagraph was taken the doctors declared 
that the finger must be amputated. A skia- 
graph showed, however, that there was only a 
little bridge of bone uniting the last two joints, 
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it should be. They found by feeling that 
there were two bones instead of one, but they 
could not tell which was the normal lione and 





which the one to be reiiiovtxl. A skiagraph 
showed the whole condition instantly. 

One of the etrang^t uses to which X-Rays 
ever have been put was at the instance of a 
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that the new rays kill all germs — consomp- 
tion, typhoid fever, diphtheria, and so on — and 
that by applying them properly to the diseased 
portion of the body a cure may be effected. 
This has not been proved as yet, but we may 
hope that the belief is well foiin<1ed. In any 
event, we may expect to hear of many won- 
derful devolopmente in coming years from Dr. 
Kiintgen's discovery. 



CHAPTER VI. 

TAILLESS KITEH. 

What They Will Do and Bow lo Make Them. 

One of the most famous of kite-flying ex- 
plorers compares mankind to crabs living at 
the bottom of the sea — only ours is a sea of 
atmosphere. Here we lie close to the earth, 
knowing comparatively little of the vast heights 
of air above us, of the immeasurable waves 
which sweep through it back and forth, and of 
the strange phenomena of heat and cold, rain- 
fall, snow, sleet, frost, dew, cloud formations, 
tornadoes, waterspouts. The Eiffel Tower, the 
tallest structure ever built by man, reaches 
only ],()00 feet high; the Washington Monu- 
ment is a mere 555 feet, while the top of the 
earth's atmosphere lies more than forty-five 
miles straight above us. Until the recent ex- 
periments in kite-flying were begun men had 
never been able to make regular records of the 
conditions of the atmosphere at any particular 
spot more than a few hundred feet above the 
earth. It is true that aeronauts had reached 
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great heights in their balloons, but their pas- 
sage through the air was so swift and so un- 
certain that they added little to scientific 
knowledge. Strangely' enough, wbdo regular 
investigations were lieing made a mile or more 
lienoath the earth's surface, In the deepest 
mines, science was unable even by its cleverest 
devices to go l,50f) feet above the earth and 
remain there long enough to make any observ- 
ations of great value. 

But with the coming of the modern kite all 
this is changed. And it is wonderful enough 
to watch the kite scientists foi'ging liigher and 
higher every year into the atmosphere, just as 
explorers in the Arctic are pushing northward 
to the pole. 

On November 7, 1S93, Mr. "W. A. Eddy sent 
a kite 5,535 feet in the air — a little more than 
a mile. This was regarded at the time as a 
most astonishing performance, but three years 
later, on October 8, 189fi, the same experi- 
menter made a record of 9,400 feet. In the 
meantime many other investigators were at 
work in England, Australia, and in many parts 
of the United States, so that the limit kept 
creeping up and up, a thousand feet every year, 
until, on February 28, 1899, the kite flyera of 
the Blue Hill Observatory near Boston broke 
all previous records by sending a team of kites 
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12,607 feet, or nearly two and one-half miles 
above the aurface of the earth. And ther^ is 
no doubt that they will go still higher and find 
out still more important things abont our 
atmoephere. 
It seems odd to speak of the kite as a new 




invention, for kites were used in China and 
Japan long before the beginning of written 
history. The Chinese have long built kites in 
the form of huge dragons, and ha%'e made 
them play curious music as they floated high 
in the air— keeping away the evil spirits, as all 
Chinamen firmly believe; and kite-fighting is 
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became deeply inter^tei.1 in tlieiu from a scien- 
tific point of view. Indeed, so reiiiarkaWe 
were srnne of his early experiments that they 




won for him the name " Kite King." In 
1895 he ha<l built kites strong enough to carry 
upward small objects of co[i8ideral>le weight, 
and so he sent aloft ii photograph camera, and 





kiml ever taken. After that he Sew bis kites 
over \e\v York, and made pictures of City Hall 
Square and lUe tops of some of the great boild- 
injfs iw tlmy look from above. Several times 
In- WHS altlf to fly his kite far out, many blocks 
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away from the top of the building on which 
he stood, and ho iirgued from this that the kite 
could he iii.'ulo a valuable luljunct in war. For 




instance, if two armies lay behind bi-eastworks 
not far apart, one of them might, when the 
wind was in the right direction, fly a kite over 
the enemy's works, and take a photograph 



2H1 TUB BOY'S BOOK OF JSVBSTIOSS. 

sliowing the exact strength of the fortress in 
iixm^ ami in men. The enemy might fire on 
lli<- kite, liut the target would be smatl and 
hiinl to hit, and a gootl many faoIletA might 
IMin<;tare its cloth sides without bringing it 
il'.wii. A kite floivTi from the witr-ships be- 
Uivi: Santia^ might have shown the strength 
iif (he enemy in the shore batteriee. MoKs 
thiiii this, kites may some day he used as tt'-r. 
rilili: engines of defltraclion. Think what havoc 
frniild be wrought in an enemy's camp if a toa- 
(liiii of kites should bo sent over it, perha|>» in 
(iiirkness, with a load of d^Tiamile, to be 
<lrij|ii«id at the proper moment, ilr. Eddy 
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Captain Baden- Powell had some most thrill- 
ing ex|)erienceH. During his esiHsrimeants, he 
had occasion to build what was probably tho 
largest kite ever flown. In May, lf»34, he 
made a huge contrivance of bimd)oo and can- 
vas, thirty-sfx fwf. hi;rh. with an area of 500 




scjuare feet— as large as the side of a house. 
The very (irst time he sent it up it collapsed 
with a mighty crash, and came tumbling to 
the ground, 

" I smashed dollars and dollars worth of 
bamboo," he saya. "Again and again when I 



990 THE BOY'S BOOK OF UfVSffTIOJTS. 

tliDught I had a veally good piece of apparatus, 
some little detail would go wrong; the kite 
would rise up in tlio wind, turn sideways, and 
coino jilunip down against tlio ground, smash- 
ing every bone in its body." 

But these are the trials that a kite enthusiast 




nmst endure. Captain Baden-Powell, however, 
was not to be beaten. He kept on trying, un- 
til, on June 27, ISOi, the grent kite went up in 
fine stylo. The (juestion was: "Wouhl it lift a 
man ? The win<l frosbene<l up sharply, there 
was a creak in the basket, and up it went with 
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one of CaptaJn Baden-Powell's friends aboard 
— the first time, perhaps, in the history of the 
world, that a man had been lifted from the 
■rrnnnd liy a siiiplr kite. Aftor that it lifted 
ttu' ('-AuUym iiiiasi'lf. Fi^llowin^' lliis silr<vss, 




Captain Baxlen-Powell made numerous ascents 
with tandem kites, even giving a puVdio ejchi- 
hition Iwfore the wise men of the British Asso- 
ciation. 

In tlie course of his experiments. Captain 
Baden-Powell at one time nearly lost his life. 



^^^^^HHl 


r 


i32 THE SOYS BOOK OF INVENTIONS. ^M 

a his own words: "I very nearly experienced ^| 
1 new sensation." It seems that one of his sets ^H 
of kites was flying low, and the long, light lino ^H 

hat held it lay entangled on the ground. The ^H 
Captain stooped over tu stniighten it out, when ^| 
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11 some inexplicable manner his foot became 
Biitangletl. Before he knew it, the kites sprung 
upward with a freshening breeze, threw him 
Jown, iind l>egan di-agging him swiftly acrosE 
he field by his foot. Just as he was being 
ifted entirely from the ground, a bystandei 
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seized him, dragged him down, and cut the 
rope. Lieutenant H. D. Wise had a similar 
and equally dangerous accident while he was 
experimenting with man-lifting kites on Gov- 
ernor's Island in New York Harbor. One day 
his kite line became entangled in the reel, and in 
order to get it loose, he tied himself to the line 
above the reel, thinking he could hold the kites 
while he made the necessary repairs, the wind 
then being somewhat slack. He drew his knife 
and cut the line close to the windlass. It 
parted with an unexpected snap, jerking the 
knife out of his hand, and before he was aware, 
the great kites were dragging him recklessly 
across the lawn in the direction of the open 
sea. After a moment of mad'Scrambling, the 
Lieutenant succeeded in regaining his feet. He 
was now only a few rods from the sea-wall, 
while the kites were far out above the blue 
waters of tlie harbor. There was a single 
cliance for safety; a lamp-post stood well off to 
one side. Lieutenant Wise saw it and made a 
wild dash sideways for it, clasped it in both 
arms, and clung to it in a fond embrace until 
help arrived. It required three stout soldiers 
to lead the runaways back to their tether. 

Lieutenant Wise made numerous ascents to a 
height of forty feet; there would have been no 
difficulty in going higher had it been deemed 
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snfe. For his first ascent lie used four kites, 
with an area of 312.fi square feet. The four 
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kites weighed fifty-nioe pounds, the ropes 
weighed twenty pounds, and the chair and 
man weighed 150 poands, a total of 229 pounds 
lifted. Lieutenant "Wise believes that while 
the kite cannot be expected to supersede the 
balloon, it will be very valuable in war time 
for signalling, both with lights and with flags. 
Kites are cheap, light, and can be rolled up iu 
a small space, and he suggests that ten of them 
would be a valuable equipment for a war- 
ship. This number would easily lift a man to 
such a height that he could survey the sea with 
a telescope for many miles in all directions. 

Captain Baden-Powell speaks even more fa- 
vorably of the future of the kite. 

" As compared with a balloon equipment," 
he says, "this apparatus presents important 
advantages. My entire 'kiteage,' with ropes 
and all, weighs only a little over a hundred 
pounds, and can be carried by two men. When 
the order is given to ascend, I can unpack, set 
up, and send up the kites in about Ave min- 
utes. I now require no manual labor to haul 
down, as the kites can be lowered by a gentle 
pull on the ' regulating line,' which determines 
the angle they present to the wind. If the 
apparatus catches in a tree and gets torn, it 
makes but little difference, and the injury is 
easily remedied. If it were a balloon to which 
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kk bad pe»tra*eJ eiOer appumtv. And 
tbesc iMfflr. tbe kite woald iamtnt, origin- 
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Aaotbcr iBloMlHg appficatioa of the mod- 
era kite has bwa sag^vrtal br Profeasor J. 
Woodbra^e Davis, of Xew York. For some 
years be has been exfieriineiiting with a dirigi- 
ble, or st«efab[«, booy. which may he drawn 
acrcss wide stretches of water at tbe end of a 
kite line. It is iDerelr a long woodeD tabe, 
aboat three inches in diameter, and shaped 
rerj- much lite a torpedo, with a cone of tin 
drag^ng behind as a niilder. A message 
placed in this baor can ttt sent from a wrecked 
ship to shor?, or in some cases from the shore 
li> the wreck, or a line attachetl to the buoy 
may be dragged through tho water. Professor 
Davis has exjierimentcd repeate<Uy ^vith this 
buoy and with one of a larger pattern, and he 
has succeecle<l in making the kites drag them in 
various directions even in strong gales. 

By far the most important and significant 
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TTork now being done with kites is the Bjstem- 
atic exploration of the upper heights of the air. 
Much valuable scientific knowledge has already 
been gathered by the Bine Hill Observatory of 
Boston. And more recently, the Weather 
Bureau of the United States government has 
taken up the work on a very extensive scale, 
and is making regular observations, at the uni- 
form height of a mile, at sixteen stations, lo- 
cated in different ]Hirt9 of the country. 

The "Weather Bureau has reduced kite-flying 
to a thorouglily scientific system, so that the 
powerful kites which it flies can be controlled 
with the greatest ease. When flying at an ele- 
vation of from 5,0U0 to 7,UO0 feet, one of the 
Weather Bureau kites, supporting the instru- 
ments which record the conditions of the air, 
will pull from sixty to eighty pounds, if not 
more, and from 8,000 to 10,000 feet of wire 
will be out. To wind in all this wire under 
such conditions is really a very laborious opera- 
tion, and generally requires two men at pretty 
hard work for tbree-quarters of an hour or 
more. As a substitute for the ordinary kite 
string or cord, the Weather Bureau, as well 
as all other advanced flyers, uses Bne piano 
wire, which is smaller and much stronger in 
proportion than any hempen or flaxen cord. 
The winding of two or tiiree miles of this fine 
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wire on a drum oi* reel introduces a serious 
problem. So tight does the wire become that 
2.00i> turns of it will produce the almost incon- 
ceivable pressure of hW tons. A wooden reel 
is crushed like so niucli pasteboard, and it has 
been found necessary to use the strongest pos- 
sible drums of iron, reinforced with heavj- 
llimgos. Indeed, at the Arlington kite sta- 
tion, opposite Washington, the kite wire is 
reeled in by steam power — a lively little oil 
engine easily doing the work of several men. 
What would the boys of ten years ago have 
said if they had been shown a complete ma- 
chine for flying kites by steam ? 

The improved Ilargrave kite is used almost 
exclusively for the regular government obser- 
vations, although experiments with new forms 
are constantly being made, many ha\ing curi- 
ously shaped cells, some with divergent ends, 
wings, tails, and other (jueer apjwndages. The 
average size is seven feet long, six feet wide, 
and three feet high. The steel wire used is 
30-l,0(X> of an inch in diameter, and weighs fif- 
teen pounds to the mile, and is capable of sus- 
taining a tension of 300 pounds. This is none 
too heavy, because the pulling power of these 
kites in strong winds frequently reaches 130 
|x)nnds or more. To have a kite fly away with 
the exjwnsi ve instrumen ts w hich it 
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would mean a considerable loss, and the oper- 
ators do not run the risk of sending the kites 
up in very heavy winds. The reel carries 
20,709 feet, or nearly four miles of wire. 

But perhaps the most wonderful of all kite 
improvements is the little machine called a 
meteorograph, wliich makes the records. The 
whole thing weighs only a little more than two 
pounds, so that one of the big kites can carry 
it easily, but it tells an extended story about the 
temperature, the moisture, and the barometric 
pressure of the air and the velocity of the 
wind, making a complete automatic record of 
all of these things in ink on a sheet of paper 
wound on a cylinder. 

These records are made daily at each of the 
sixteen stations provided the weather is favor- 
able, and the sheets are forwarded to the 
Weather Bureau, where they are carefully 
compared and tabulated and then filed away 
for reference. One of the most interesting 
and practical developments of these observa- 
tions is the forecasting of cold and warm waves. 
Such changes in the weather are found to be 
apparent at a great height long before they 
reach the earth, and kite records have shown 
the approach of a change fully twenty-four 
hours in advance of its first indications at the 
surface. 
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make this their bnsiness have found that kites 
can be flown much more successfully at night 
than in the day- 
time, owing to the 
greater stea^liness of 
the wind. 

The scientific kite- 
flyer finds mucli to 
tempt him into the 
field of electricity. 
Mr. Eddy lias suc- 
ceeded many times 
in repeating Ben- 
jamin Franklin's ex- 
periment of drawing 
sparks from the 
clouds. Indeed, he 
has beaten Franklin, 
fop he has fre([uently 
brought sparks from 
ii clear sk\-, so that lie 
believes that electri- 
city is always pres- 
ent in large <juanti- 
ties in the air. An 
experimenter in the Blue Hill Observatory 
ha.1 sent up a kite coated with tin-foU for col- 
lecting electricity, but Mr. Eddy uses a special 
copper collector. Mr. Marconi, the famous in- 
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ventop of wireless telegraphy, who lias actually 
used kites for supporting one of his sending 
wires, has suggested tlie possibility of getting 
enough electricity from the atmosjihere with 
kite collectors to send messages, although Jie 
never has had time to develop the idea. It is 




certainly a rich Held for the ambitious in- 
ventor. 

It is comparatively easy to construct one of 
the new box kit*s, and the pleasure which 
comes from flying it will well repay the effort, 
for it will mount more easily and fly higher 
than any of the old-fashioned kites. Any 
moderately ingenious boy can make a box kite 
from the following description given by Mr. 
C. F. Marvin of the United States Weather 
Bureau, but he must be careful to follow di- 
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rections accurately, and not to slight a single 
detail of the work. 

Mr. Marvin advises the use of the very best 
straight-grained spruce for the sticks, and 
either lonsdale cambric or calico for the cover- 
ing. Some small tacks, and coarse, waxed 
linen thread, are also required. The sticks 
should be cut in the following dimensions: 

Four lengthwise corner spines, one-fourth of 
an inch thick, five-eighths of an inch wide, 
and forty inches long. 

Two central lengthwise sj)ines, three-eighths 
of an inch square by forty inches long. 

Two short vertical struts, one-fourth of an 
inch thick, one inch wide, and eleven and 
three-eighths inches long. 

Four diagonal struts, one-fourth of an inch 
thick, five-eiglitlis of an inch wide, and thirty- 
seven and three-fourths inches long. 

The real backbone of the kite consists of a 
central truss, Avhich is made up as shown in 
Fig. 2 U7? in Fig. 1). 

The long sticks are three-eighths of an inch 
square. At five and one-half inches from each 
end a slight notch is formed on one side to re- 
ceive the uprights. A notch is shown at 7i, and 
its depth should not excee<l one-sixteenth of an 
inch. The uprights must be cut perfectly 
square and true on the ends, and are then cut 
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t(i the form shown at B. These are seated 
sfjuai-ely in tlie notches of the long xpines, and 
fmiilj lasheil in )>lace ivith coarse, waxed lineu 
tliiead, as shown enlarged in Fig. 5. "Waxed 
shoemakers' or harness-makers' twine is the 
iiist material for this purpose, but any coarse 
thread or fine string, thoroughly waxed, will 
suffice. 

Fig, 3 shows tlie form to which the corner 
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kite, should be ninety-six and one-half inches, 
the half inch being allowed for the lap of the 
goods in sewing the two ends together. It 
may be remarked here that it is generaly bet- 
ter to carefuUy tear the cloth to the proper 
length and width, rather than try to cut it, as 
more accurate results will be gained by the 
first method. The opposite ends of each cloth 
strip should be carefully and evenly lapped the 



PIG. 3. — ix>ngiti:dinal corner spine. 

one-half inch, and strongly sewed together with 
a double seam, thus fonning two endless bands. 
The next step is to mark the cloth bands at 
the places that are to ])e fastened to the frame. 
Stretch each cloth band out smooth and straight 
over two thin sticks run through inside the 
band. It is well to make the seam in tlie band 
come over or near the edge of one of the sticks. 
When the band is smooth and evenly stretched, 
draw a pencil line across the band exactly in 
the middle, where it turns around the edge of 
each stick. Let the line near the seam be 
marked A, and the opposite line £. Now 
shift the cloth around the sticks so that the 
lines A and £ approach each other, but do not 

16 
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[);iss. Carefully adjust the baud so tliat ivltt^ti 
I'venly stretched the line A is just twiilvo 
inches from Ji, and mark the clotli, as lieforc, 
\vhere it pu&ses over the edge of each stick, 
Sliift tlie cloth again still farther artjtmd the 
sticks; this tune let the lines-:! and Ji pasSutwli 
"ther, and, when they are again sejmrated just 
twelve inches an<l the cloth evenly stretclied, 
draw pencil lines at the edges of the sticks as 



t^i> 



licfope. Time aud care spent in laying out the«e 
linea accurately on the oloth, so as to divi^^B it 



TAILLESS KITES. 



tion at this step is to arrange the corner spines 
80 that their notches will stand in proper rela- 
tion. Referring to Fig. 'i, it will be recalled 
that the small notch at one end of each spine 
is nearer the end than at the opposite end. In 
tacking the spines to the cloth, all that is nec- 
essary is that one pair of s])iues in opposite 
comers shall have the notches the shorter dis- 



tance from the end, and the notches of the 
otlier pair be at tlie longer distance. In other 
words, tack 8hort-ende<l spines in the C and D 
corners, as they appear in Fig. 1 ; then the Wng 
ends of the remaining spines must occupy the 
A" and incomers of Fig. 1. When so arranged, 
one diagonal strut stepped in the notches will 
pass in front of, and the other behind, the 
upnghts of the central truss. 
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All that now remains to be clone is to fit up 
tlio diagonal struts. Fig. 4 shows a finished 
diagonal Btnit. It is difficult to deteriaino bo- 
forehand the exact length Uiese should be, be- 
riiiise the amount the cloth bauds vriW stretch 
is uucortain. The length ax indiuated in Fig, 4 
is iibont right, if all the other dimensions speci- 
lii'd herein are carefully adhnrod trO. Make up 
:i i)air of struts about a half-inch too long at 
lirst; by trying them in the kite and cutting 
nut the notches deeper and deei)er a perfectly 
s;itisfaotory fit can l)e secured and the cloth 
in-tced out smooth and taut. Care must be 
iJiken to keep the two struts of the same pair 
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the central truss at A, as shown in Fig. 2, the 
cord passing through small holes ]>iercecl in the 
cloth covering. The knot employeil at this 
lK)int is shown enlarged at ^1, Fig. 5. The 
flying line should ])e tied to the free end of tliis 
cord by means of bowline knots, as shown at 
B, Fig. 5. This knot is strong, never slips, 




FKi. 6. — SECOND FOHM OF BRIDLE \ C, ENLAKC4ED KNOT 

liOOSENED. 



and can be easily untied, no matter how much 
the line may have been strained. 

The one-i)oint attachment of bridle, de- 
scribed above, is better suited to strong than 
liglit winds, and sometimes in lighter winds it 
may be more satisfactory to employ the two- 
point attachment of ]>ridle shown in Fig. 6. 
In this the free end of the six-foot piece of cord 
is shown tied to the central truss at i, thus 
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I'onning the bridle, a, h, cy the main line be- 
'\\\<s, iittachetl at the jjoint e by a kind of knot 
slunvn enlarge*! at one side. This will not slip 
(if itsfilf, but tlie point of attachment can easily 
111' iidjusted as iiiay be deslroii, 

To be perfectly safe, the flying line for this 
]^iii' should have a tensile strength uf from 
lifiy to sixty pounds, and be equally strong 
ihruughout. 

1 f the ivind is favorable for flying, the Ijest 
way to Bturt the kite in flight is to run out 15u 
I'l'ot or so of twine while the kite ia held by an 
iissistant. When all is ready, the assistant may 
tnss the kite upwiird a little in the direction in 
wlii.'b it ia trt an. It, will taJii* ftam nf ibwif - 
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run a little with a lonfr string out, in order to 
get tbe kite into upper and more rapidly mov- 
ing currents. 

Wlieii the wind is very strong, drop the ball 
of twine on the ground so that the cord can 
pay out rapidly, and let the kite go up directly 
and (luiekly from the hand. 




CHAPTER VII. 

THE STORY OF THE PHONOGRAPH. 
Making Pictures of Sounds and Sounds of Pictures. 

This is the wonder of the phonograph : it is 
a machine which makes pictures of sounds, and 
then, at will, changes these pictures back into 
sounds again. A picture of a matchless solo 
by Melba is made in Paris on a little wax 
cylinder ; the cylinder is sent through the 
mails to New York like any other picture, 
here to be transformed again into the voice of 
Melba, repeating all the sweetness and richness 
of the original tones. The voice of Nicolini, 
preservetl in pictures, still sings, although the 
singer himself is dead. And this is something 
hard to realize, even at this day when the phon- 
ograph has become almost as familiar as the 
sewing-machine. 

Every man has in his throat a delicate mem- 
brane which is set to quivering every time he 
speaks. The vibrations thus produced in turn 
set the air to quivering, and these waves roll 
through space, very much like the waves on 
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the seashoi-e, until they strike on the dnim or 
membrane of the ear. That is the way we 
bear; it is nature's telephone. If the vibra- 
tions are I'apid wo say that the voice is high; 




if slow, ive say that it is deep. Each note ll 
its own different vibrations. 

Away back in 1857 Leon Soott, know 
these simple facts in physics, conceived I 
idea of making sounds produce pictnres. 
was an idea as original as it was bold. In t 
experiments which followed, Scott construotc 
a curious little device called the Phonautogra^d 
which vividly foresliadowe*! a part of 
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operation of the phonograph. It consisted of 
a thin membrane — a bit of bladder — stretched 
tightly over a barrel-sha])ed frame. In the 
center of this membrane a stiff hog's bristle 
was firmly fastened. On speaking with the 
lips close to the outer end of the frame the 
membrane vibrated in accordance with the 
sound waves thus produced, the bristle moved 
back and forth and scratched a continuous 
wavy track on a revolving cylinder which had 
been well daubed with lampblack. This wavy 
line was an actual picture of the human voice. 
But it was a mere laboratory ex])eriment, and 
no one even dreamed that such a sound picture 
could be again transformed into si)eecU — until 
the idea came to Thomas A. Edison with the 
suddenness of inspiration. 

It was in 1 877, long before Edison had become 
widely famous. At that time his experiments 
were earri(Kl on in a shop in Xewark, New Jer- 
sev, where he was surrounded with a little 
company of trusted workmen. It was at the 
time when Edison often became so absorbed in 
his schemes for inventions that he forgot his 
meals, and fre(|uently worked night and day 
for two or three days together, keeping all of 
those about him as busv as he was himself. 
Sometimes he would call in an organ-grinder 
to kee}) the men awake and cheerful until the 



strain was over, and tlien he would hire a boat 
and take all hands down the bay with him on 
a fishing excursion. It waa with this single- 
ness of purpose and loyalty that Edison and his 
men always worked together. 

Not long ago I visited Edison's great lab- 
oratory at Orange, New Jersey, where more 
than seven hundred men are employed in coin- 
ing the ™ions of the master's brain. I found 
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Edison himself sitting in one of his character- 
istics ])ositions, half leaning upon a table filled 
with drawings, his head on his hand and his 
fingers thrust through his hair. Ho told me 
briefly how he came to invent the phonograph, 
and his story was later much extended by John 
Ott, who was with him through all of the ex- 
jjeriments. 

The inventor had lieen working during the 
early part of the year 1877 in developing and 
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improving the telephone, inventing the trans- 
mitter which has since borne his name. This 
consisted of a disk of carbon, having a sharp- 
pointed pin on the back of it. He had noticed 
many times that when he spoke against the 
face of the disk the vibrations would cause the 
pin to prick his fingers or to indent any soft 
substances held near it. This was one fact; he 
carried it in mind, but it gave him no particu- 
lar suggestion. It was, indeed, only a step be- 
yond Scott's discovery. 

Previous to this time Edison had invented a 
remarkable device for the automatic repetition 
of telegraph messages. It consisted of a sim- 
ple apparatus by means of which the dots and 
dashes of the original message were recorded 
in a series of indentations on a long, narrow 
strip of paper. This record could be fed into 
a sending machine and the message re-trans- 
mitted without the service of an operator. In 
other words, Edison had made pictures on pa- 
per of the sounds communicated over the tele- 
graph wires, thereby approaching the phono- 
graph from another direction. 

*^In manipulating this machine," Edison 
wrote in 1888, ** I found that when the cylinder 
carrying the indented paper was turned with 
great swiftness it gave off a humming noise 
from the indentations — a musical, rhythmic 
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sound, resembling that of human talk beanl 
indistinctly." 

Uere was another fact — unconnected as yet, 




but exceedingly important as ixiiuting to the 
great discovery. 

"I remember." John Ott told me, "that 
Edison had been working at his bench in the 
laboratory nearly all day, silent for the most 
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part. Quite suddenly he jumped up and said 
with some excitement: *By George, I can 
make a talking machine! ' Then he sat down 
again and drew the designs of his proposed 
machine on a slip of yellow paper. I don't 
think it took him above ten minutes alto- 
gether. ' ' 

On the margin of that design Edison marked 
**$8," and handed it to his foreman, John 
Kxuesi. 

" My men all worked by the piece in those 
days," Mr. Edison told me, **and when I 
wanted a model made I always marked the 
price on it. In this case it was $8, I remem- 
ber. Kruesi went to work at it the same day, 
and I think he had it completed within thirty- 
six hours. We used to try all sorts of things, 
and most of them were failures; so that I 
didn't expect much from the new model, at 
least at first, although I knew it was correct 
in principle." 

But Kruesi fitted the tin-foil on the cylinder, 
and brought the machine to Mr. Edison. The 
inventor turned the handle and spoke into the 
mouthpiece: 

'< Mary had a little lamb, 

Its fleece was white as snow, 
And everywhere that Mary went 
The lamb was sure to go." 
17 
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Tlmn ho sot tho reconler back to the start- 
int;-])lace ami begiui to turn the cvlitider. At 
till; very best he had ni)t oxiJfCted to hear 
iimre than a burring conftision of sounds, but 
III his astonishment and awetlieiiiiuihiriu hi^tn 
til ropeat in a curious, metallic, disUnt voice: 
'■ Mitry tiad a little lamb . . ," 

And thus the Hrst ivonls ever sjMjkt-n by a 
pliDiiograph were the four simple lines of 
^[iither Goose's melo«iy. The idea had come 
tn tlie inventor with a flash of inspiration, and 
thi' machine ha<i proved its marvelous poBsi- 
liilitios on the first trial. Few inventions ever 
III! v>i been conceived and carried to sncctias so 
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liiiiiie was (!Overed with tin-foil. At every vi- 
I nation of the pin, indentations of various 
'lf]itliB ivero mudt! in tliis tin-foil. These little 
Imlos were so small as to be scarcely visible to 
tlio naked eye, but when the lUaphragni was 
-111 hack to the Ijeginning and the cylinder was 
turned, the pin, travelling up and down over 
tlk' rough road of indentations, caused tbo dja- 
plitJigm to vibrate and give out iJie same soantls 
wliich had boon pniviously Bjwken into it. A 
I'i'fprence to the pictures on pages 2.5-1 and 856 
will show clearly just how the machine worked. 
-1 is the plaio or diaphragm, l-lOO of an inch 
ihick, which vibrated when fi{x]kon a^inst. 
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Edison patented his invention both in the 
United States and abroad, and manufactured 
a considerable number of machines, chiefly for 
use in college laboratories. Then he became 
deeply interested in a series of experiments 
with incandescent electric lights, and the pho- 
nograph dropped out of his mind for many 
years. 

In the meantime Alexander Graham Bell, 
the inventor of the telephone, had received the 
most distinguislied honor that can come to an 
inventor — France had l)estowed upon him the 
Yolta prize, an lionor instituted l>y Emi)eror 
Napoleon the Great. It had been awarded 
only once before — to Faraday — and it has 
never been awarded since. With the money 
portion of the prize, amounting to 50,000 
francs, Mr. IJell conceived the idea of forming 
an association for the advancement of the sci- 
ence of sound. To this association, composed 
of himself, Dr. Chichester A. Bell, and Charles 
Sumner Tainter, he gave the name ''Volta 
Laboratorv Association." From 1881 to 1885 
these three men labored hard upon improve- 
ments in the method of recording and repro- 
ducing sound, finally producing a machine 
differing from Mr. Edison's in that it engraved 
the sound pictures on a cylinder of wax instead 
of indenting them on tin-foil, a very great and 
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In later years Mr. Edison and Mr. Bell have 
made many improvements in the talking ma- 
chine until it has reached its present perfected 
state. 

Other important additions have been made 
by Lieutenant G. Bettini. Bettini discovered 
that all parts of the glass diaphragm used by 
Mr. Edison did not vibrate equally when 
spoken against. For instance, the center might 
vibrate at one speed and the sides at another, 
thereby producing the peculiar metallic or 
" tinny " eflFect which makes many phonograph 
records disagreeable. Consequently, instead 
of attaching the recording point directly and 
firmly to the center of the diaphragm, Bettini 
used what he called a ** spider" — a little 
frame having several legs, the feet of which 
rested against the diaphragm at many differ- 
ent points, thereby making the diaphragm sen- 
sitive to every variety of sound, even high 
soprano voices, which have been exceedingly 
difficult to record. Bettini uses a diaphragm 
of aluminum instead of glass. 

The sound pictures or records of the phono- 
graph are now engraved on a wax cylinder 
with a fine stylus, the point of which is a bit 
of sapphire. After one record is made it can 
be readily duplicated. The old-fashioned ear 
tubes are giving way to horns, which bring out 
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Fifth Avenue,' by the well-known comedian 

,'* and then he would begin his talk with 

no audience but the tin tube and the boy, who 
looked vastly bored. In another room there 
were several phonographs placed close together 
on a shelf, with their horns grouped around 
a slim young man, who was playing a lively 
jig on a banjo. Close behind him loomed 
the back of a piano, upon which a companion 
was playing an accompaniment. In still an- 
other room two men and a woman were sing- 
ing a church anthem into the receiving horn of 
a phonograph. Their heads were close to- 
gether, and both the men had their coats off, 
it being a hot day. Behind them on a pair of 
saw-horses stood a piano, which was being 
played with the utmost unconcern. If I had 
closed my eyes I certainly should have thought 
that I was sitting in church, and that the an- 
them was coming from the choir loft. When 
a record is finished it is taken out and repeated 
to see if it is correct, and the players or talkers 
gather around to hear their own words. If 
the cylinder is a success it is duplicated many 
times, and placed in the regular library of the 
phonograph, ready to go out to the users of 
the machines in different parts of the country. 
And yet records of this sort are not always 
successful. Kot every one can make a first- 
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may hear the voice of Mark Twain talking out 
with beautiful distinctness. Indeed, thi-ough 
this raeiins, a famous man's voice may become 
as familiar as his picture, and it may go on 




xAcniKEs. 



talking and giving pleasure to the world long 
after the man himself is dead. 

Recently a phonograph with a large-sized 
cylinder has been constructe<l for making un- 
usually clear recoi-ds. This improvement was 



■JTI TUB BOYS BOOK OP ISVESTlOltS. 

Miil.'jre8te(l by Thomas H. McDonaJd, «n<l one 
U'lmlers that no one fiiouglit of trying it l>t>- 
Um: since the principle of the improi-enient is 
-iiiiiplicity itself. The snrface of the large 
ivlinder moves much more nijiiilly than the 
surface of the small oylintier. and tlie groove 
'■111 by tlio recording stylus is much longer. 
Tliut is, the stylus, instead of iu<ikin<r a serius 
ol abrupt holes in the wax, as it docs when 
till' cylinder moves slowly, scoops out long hol- 
lows with «loping ends. There lieing no shar|> 
iT'i'sts or holes in the groove, the repniducing 
Ijfill foIIowR every gradual ntwcut and ile«%nt, 
aii'l iloos not leap from crest to crest, blurring 
I III' sound, as in the case of soma of the anullRr- 
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Another very wonderful development of the 
phonograph which is now in course of evolu- 
tion is the reproduction of entire operas. Not 
long ago Mr. Edison had a portion of the 
opera of *' Martha" performed before one of 
his kinetoscopes ; he succeeded in taking 320 
feet of pictures. The acting of the opera can 
now be thrown in lifelike moving pictures on 
a screen, and at the same time the phonograph 
may sing tlie music which goes with each scene, 
so that together a portion of the opera will be 
completely repro<luced — a marvel which could 
not have been imagined even ten years ago. 

It has been found that the phonograph will 
"hear" and record sounds too high and too 
low to reach the human ear. The very deepest 
tones to which our ears will respond have six- 
teen vibrations to the second, whereas the 
plionogrji])h will record down to ten vibra- 
tions. And then, more wonderful than all, 
the pitch can be raised until we hear a repro- 
duction of these low sound waves — until we 
hear the unbearable. 

Within the last few years the phonograph 
has develoi^d many curious and important 
uses. It has been employed with success as a 
teacher of languages. It reproduces perfectly 
the words and accents of a foreign tongue so 
that a student may hear the difficult inflection 
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bevn used for teaching small cbildrea their les- 
wnH, nml Jn one case tliat I know of a minister 
iiotiially preiurhes his spnnons first into a phono- 
gmpli and then KitH back and listens to bis own 
woitb lis if lie won) a member of the congre- 
galion, noting the mistakes in delivery, and at 
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S-i-.-nil biBjr men in Neir Toric bBTe ^iho- 
ti.-i'raphfi iu tbeir offices into whk-h vMilnrs 
Mi,r, coil 'luring thtnr al»s5iioi> may U-Il of tiieir 
frraiulK. A plioiio^t«)ili in a nsUarunt or a 
iKirlt^r sb»p iuut long bwri » jiopDlar attrac- 
thiti. vui i tuTe IcDOvrii of n [•hoai^rapli bcitng 
iist^l by a aenspajier writer for iljctaung liiii 
iirtjries. Two Si. Ijanis inventors bavi? n?- 
tctiilr snggesteii the nse of [iliunugrniihfi in 
I'Lni- iif tht« whistling buoys on dunguroiu 
>li(i;ils. Ono of tbiiau inventors wi\'8: 

■ \\\: iiiu^nil lo plaoii on« of wir phonograph 
ti<i'rV:t on Ibv uoUtl Kitty Uawk reef nt the 
ijiniilb <>r the Savannah Rivvr. At pn^^nt a 
InOI huov iiiarkH that dantremiis reef, and von 
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be to a Idinil man, or, indeed, to a iimn who 
comes home with worn-out eyes from a long 
day's work in the office. Thw phonograph 
could tallc off tlie story without a break, and 
if it liiiii been dictiLted with expression and 




spirit, the effect woultl be that of listening to 
a gtM)d olooutionist. 

And thus Uie ])honograph has become a 
great factor in promoting the pleasure of the 
race as well as in assisting it witli its work, 
Tlie wonder of the invention — a machine which 
talks like a man — is yet new enougli to make 
us feel as the famous Emperor Menelek of 
Abyssinia did when he first heard the phono- 




I ««h psi dev- 
■pM bcanBg- (he 
Fins be voold 
■-- lo B M it wt faw i^ tmapet, tfaea 
^■JoU aie the est turim. And wb^ it va* 
-'be II iiiwl iBto ■»!*—. aad then uid ef wl 
r ,val akte bi be fired, while he slooA in 
i-toB voakr bdoK tfaestiwigeiiiadihie that 
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CHAPTER VIII. 

TIIK MOD K UN SKYSCRAPER. 
Story of the Tidiest Buildinfj in the World. 

*' A STKEL bridge standing on end, with pas- 
senger cars running up and down within it." 

This is the engaging definition of a *' sky- 
scraper'- given nie by an architect wlio is as 
famous for his (juaint conceits of speech as he 
is for his tall buildings. 

It seems odd to s])eak of any building as a 
new invention, since there have been buildings 
almost as long as there have been men; and yet 
the very fact — and curious enough it is when 
vou come to think of it — that the skvscrai)er is 
truly more a bridge than a building, and that 
cars do actually run on i^erpendicular tracks 
within it, makes it not only one of the latest 
feats of the inventor, but one of the very great- 
est. For thousands of years every large build- 
ing in the world was constructed with enor- 
mous walls of masonry to hold up the inner 
framework of floors and partitions. It was 
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;i substantial and worthy method of constnio- 
linii, and there seemed no need of changing it. 
iliit one day a daring builder with an idea as- 
tonished the world by reversing this order of 
construction, and building an inner framework 
strong enough t« hold up the outside walls of 
jiKisonry. The invention was instantly suc- 
cessful, 80 that to-day the construction of a tall 
1 mi [ding is " not architecture, " as one writer ob- 
Kci'ves, "but engineering with a atone veneer." 
Ten years ago, in 1889, there was not a "sky- 
srt;i|Ter" in the world; to-day there aro scores 
iif them in American cities, the heights varying 
I'roni seven stories u]) to thirty, making tbom 
!>>' ail odds the greatest 8traotu»!_raued_ 
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Unless it is needed, it does not apjiear. So with 
the skyscraper. Great cities had grown with 
a rapidity unknown anywhere in the world; 
basiness centres were much overcrowded; pro- 
gressive professional men wishtHi to be within 
easy reach of the districts where money was 
making fiistest. Property owners said : We 
can't spread out, so we must go up. In New 
York single acres are worth more than $7,000,- 
000. Land of this value coveretl with bnild- 
ings of ordinary height could not be made to 
paj-; again the conclusion was resistless: We 
must go up. Moreover, engineering and the 
various processes of steel construction had been 
advancing at great strides; steel was compara- 
tively cheap, and a light skeleton frameivork 
cost less in the beginning and required less room 
than immense masonry walls. And. lastly, and 
by no means of least importance, the modern 
elevator had been invented. I remember once 
of talking with a grizule-beaded elevator man 
in what is now an old skyscrairer. He hoA evi- 
dently done some quiet thinking as he travelled 
npand down, year after year, on his perpendic- 
ular niilroad. 

" Did you ever think," he asked, " that sky- 
scrapers would be an impossibility without ele- 
vators? It^s a fact. Nothing above seven or 
eight stories without 'era. You'd never catch 
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; business man climbing eight fligiits to bis 



And yet if tlie elcviitor has niftdo tlio sky- 
scraper a possibiiiiy, tlje skysorapor has in no 
less degree developed tbe elevator; both liave 
troiiQ up together, and both wnuld tieem to have 
;i|)proached very near to perfection. 

Tbe building of a modern skyspraper is a 
mighty task, full of diflicidt problems, more 
'iillicolt even than tlioso connected with a 
trifjit steamsliip, fi great britlge, or even a rail- 
ro:L(l line. Knowing how far the Imilding is 
i.'oing up, the architect must determine from the 
rlijjraoter of the ground on which it is to stand 
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of the greatest skyscrapers are slightly out of 
plumb, like modern towers of Pisa, :ilthougb 
they do not lean enough to lie at all dangerous. 
I peineinl>er distinctly how a keen-eyed news- 
paper man made the discovery tliat one of the 
most famous skyscrapers in the world — ^and one 
of the largest — was out of plumb. He was in the 
sixteenth story of the building across the street. 
The doctor who oceu]iied the roon\ bad tied 
a weight to a window conl in order to keep the 
shade well down, tlius making it a phnuh-hob. 
It so hap|>ened that the newspaper man glanced 
along this coi-d and across the street to the cor- 
ner of tbe great building opposite. At first he 
couldn't believe his eyes; the cord was cer- 
tainly plumb, or else all the school-books were 
incorrect; therefore the building must certainly 
be leaning to one side. He calle<l several 
friends, and each of them bore him out in his 
observation. He rushed off in gi-eat featJier, 
secured an engineer, and hat! careful measure- 
ments taken. Tlie building was found to lean 
nine inches to the eastward at the top, and 
there was a news " beat " in one of the news- 
papers the next morning. 

All great buildings are expected to settle, 
and the main effort is to make this settle- 
ment uniform throughout. In New York tbe 
tall buildings which rest on a foundation of line 
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ivct sand have all settled from one-qoarter t 
nine-sixteenths of un inch. The Harquotto^l 
lliiililing, Chicago, and the 8t. Paul Buildings 
\i>w York, hare provisions mmle at the bases 
ul" their columns for lifting them np ivitli pow- 
I rl'iil hydraulic presses and inserting packing 
III' sieel should they settle too much. 

And thus it will be seen how difiicult and 
di-licate a problem tlie builder must meet in 
securing a solid foundation for the end of hia^ 
bridge which goes into the ground. He inuHt J 
liiKnv, not only just how much tlie entire build'J 
u\iX will weigh, almost to the ton, but he miu 
\ii\ovf the weight of uatili part of it, no that t 
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building, and from wliat direction most of it is 
coming; he must even calculate on tlic jxiund- 
ing of horses' hoofs and heavy wagons on the 
]>avenient outside; lie must make jirovisions for 
8U]i})lying water to the top stories, where the 
city cannot pmnp it; lio must provide amply 
iig;iiiist possible fires — and that's one of the 
most difficult of all the problems ; he must see 
to the prevention of rust in his steel work ; lie 
must secui'e jtrojHir ventilation anil lighting, so 
that every room lias its windows witli a street 
front if jKissible; and, more difficult than all 
else, he must kei'p well witliin the liam|>cring 
limits of the city's building laws. Tliest* are 
only a few of thousjinds of intricate details, 
not to consider the tremendous question of cost 
with wliicli tlie builder must grapple. And then 
it sometimes hap|)ens tliat he is hlamcd if lie 
dites not make this tower of steel, with its hun- 
di-cds of rectjingular windows, a tiling of art^hi- 
tcctural grace and l>eiiuty. 

Perhaps it will be possible to give the best 
ideii of what a modern akyscra]ter really is, 
when completed, by relating some of the im- 
portant facts concerning what is now the 
greatest modern building— indeeil the tallest 
inliahitcd building in the world — tlie Park liow 
Building in New York City. It was designed 
by R. II. Robertson, and it stands as one of 
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lliL' greatest nionmnents to the daring and en- 
lirprise of the America.!! builder. It con lie 
scun from far out in New Jersey, from Stuton 
Island, from Long Island, and the lookout of 
every ship that enters the harbor sees it loom- 
ing like a huge tower above its neighbors. 

To Ije-gin with, it has twonty-nina Btories, 
.niii its height from the sidewalk to the tops of 
ilie cupolas on the towers is MHO feet. Thus it 
is over 100 feet taller than the dome of the 
Civjjitol at "Washington, iuid !S5 foet above the 
Statue of LiVjcrty. Even these figures do not 
i'i|ireBent its full proportions. The flagpoles on 
ln[> uf the building are hi feet in height. The 
r..iiil>ln.tiona ht^atiiI ^a. foot Iioli.n- the a 
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It is nearly four times as high as its main front- 
age. The difficulty presented by that pro]X)r- 
tion is an architectural problem of some mag- 
nitude in itself. 

It need not be said that a vast amount of 
steel and stone, glass, Jind other material enter 
into the construction of such a building. As a 
matter of fact, the building weighs about 20,000 
tons. The material of which it is constructed 
would build all the houses of an ordinary sub- 
urban town, with enough left over to construct 
a go(xl-sized church. 

As with all skyscrapers, the foundation of 
the Park Row Building is its most interesting, 
as well as its most perplexing, feature. Sev- 
eral acres of Georgia timberland were denuded 
to furnish the 1,200 great pine piles, some of 
them 40 feet long, which were driven into the 
sand of the site. These piles are in rows, two 
feet apart, under the vertical columns which 
sup[)ort the building. They were driven into 
the ground as far as they would go under the 
blows of the one-ton hammer. Thev are thus 
pre])ared to sustain a weight of 20 tons, although 
tlie most that will be put upon them is about 
IG tons, a nuirgin great enough to give any 
l^uilder a sense of siifety. Moreover, they are 
below the water-line, so that they are inde- 
structible by the onlinary process of decay. 
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"When the piles were flriven as far as postd- 
I'li: their tojis wore cut off, and the sajid WM 
cleared away for a foot down around thi'ir tops 
iiiid concrete was jmured about thein, forming 
Li solid rock surface resting spcurely upon their 
tit]»s. On tills concrete hasB were laid large 
Mocks of granite, and above them tho liricfc 
|iir.T8 of the building. 

The iveight of the building is not aJlowod toj 
coiiie directly ujMtn the granite(.!ai)stonesffhicJl I 
^11 rmount these piers. Instead, it is distributed J 
by the system of steel ginlers, some of t 
•< fwt in depth and 47 feet long. These a 
I'liV'ct big bridges placed between tlis founds 
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the addition of the maximum load whicfi the 
twenty-nine floors arc calculated to carry, the 
total weight of the structure will amount to 
something like 61,400 tons. 

There arc 950 rooms in the building. Count- 
ing four persons to each office, this will make 
tlio jwrmaneut population of the building nearly 
+,000, or cfpial to that of many a flourishing 
county seat. To this must be uxlded a large 
transient [)opulatiou amounting ])robably to 
one person for each i-esident at any given time 
during business hours. This would make an 
ordinary pojmlation, resident and floating, of 
8,000 for tliis one building! If twenty jMsrsons 
visit each office during the day, there would be 
27,000 j>ersons using the building every day. 
The various elevators have daily passenger 
tralfic of over fiO,000, or more than that of 
many aTi iin])ortant railway line. 

It is a curious reflection that if the regular 
occupants of the building were phvcetl shoulder 
to shoulder on the ground that it occupies, 
thei-o would be barely sUinding room for them; 
while if all the jiersons who visit the buihiing 
during a day were gatliered on the ground site 
at one time they would make a group standing 
five feet deep on one another's heads. 

The cost of the buihiing was $2,400,000, but 
it will collect more in revenues every year than 
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II limy a populous county. If a building a 
;i ml as large could have been construcUKl by the 
eld solid masonry process, it would have cost 
I'oiirteen times as much, and the iiiUls would 
liavobecn so thick at the base that there would 
li;ive been little or no room for otBces and 
s|nr-es. 

The time may come, and come soon, when 
lidildings higher even than this one may be 
l>iiilt. There is nothing in tbo engineering 
iniildem to prcvont the construction of a fifty- 
stiiry building, but such a sight will probably 
iii'ver vex the eye of man. Already variouB 
Aiiiericjin cities are passing laws hmiting tbe 
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as the huildiiig itself shall lio satisfa^^tory to it? 
owner and its tenants. 

A great office building is really a city under 
one roof. It has its own electric-lighting plant 
and sometimes a gas plant in addition; it has 
its own water-works system, with a big stand- 
pipe at the top to supply the npi>er floors, and 
sometimes an artesian well underneath; it has 
its own well-drilled fii-e department, with fire 
plugs on every floor, and hose-lines and chemi- 
cal extinguishers; it has its oivn police depart- 
ment, for every great building is now supplied 
with regular detectives who watch for i>etty 
thieves and )>ickpockets, and prevent ]>e<Idler8 
and beggars from entering their <iomain. It is 
even governed like a city ; for the su[)erintend- 
ent is the mayor, and he has a large force of 
workmen always busy cleaning the streets and 
stairways of the big structure. In some of the 
Chicago buildings, where a peculiar glazed 
terra-cotta brick is use<l for sheathing, the 
walls are washed tmtside a.s well as in. In its 
elevators it has a complete system of electric 
railroads, and a very wonderful and intricate 
system it is, too, with automatic arrangements 
for o[)ening and shutting doors, for indicating 
exactly where the car is in its ascent and de- 
scent, and for preventing accidents from fall- 
ing. And there is in many of the greatest 



3UH THE BOY'S BOOK OF INVKNTlOlfB. 

Imildingfl a complete express service of core, 
some cars not stopping lielow tlie tenth or somu 
other skjivard floor. A number of buildings 
tliere are that hav« their o*vn telophoue system 
:is well as connections tliroughout with city 
lilies, their pneumatic-tubn parcel and message 
dt^'livery systems, and at least one han a net- 
ivork of pipes conveying compressed air for 
i lower, whik' every great skyscraper is provided 
with on© or more telegra])h, cable, a 
iiii'ssenger oftices, so that a tciianl si 
liisk can send a message almost f 
ciirth Ity merely pushing a button c 
nicBsenger. In the modern mail-cl 

,.]..oo ..n.l ;•»» tiiT.li tli>«iinK « 
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ami candies may l»e ulitiuned, witli frequently 
a library to which a tenant may go when look- 
ing np references or to while away an idle half- 
hour. In the basement there is fretjuently a 
safety-dejjosit vault and a place for storing; 




bicycles; on the first floor, almuk where abusi- 
nesa man may Iccep his money; and somewhere 
up at the top, not so frequently, a social club. 
And of late some of the grcivt hnildiugs have 
actually been pnjvided with bedrooms and 
luichelor apartments, so tliat a tenant may 
sleep near liis offices jf ho is busy. Indeed, a 



312 TIIE BOT-S SODS' OP WrP-VT/0.V5. 

man might live in a modern skyscraper year 
in and year out, luxuriously, too, nnth every 
want richly supplied, and never pass Iieyond the 
revolving storm doors at the street entrance. 

As to the future of the skyscraper no one 
knows dnfiniteh', but all the architects ppoph- 
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esy greater beauty. They are lojiniing how toM 
treat these great slim towers so that the effec 
is pleasing to the eye. In times past tbeneoea*! 
aity of a fayado from 250 to 350 feet high 1 
often resulted in the bold, staring resemblanooS 
to a chimney, which is ix)tli ugly and painfoEfl 
to the sight. But the architect is learning t*j 
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relieve this tendoncy by treatiug the stories in 
groups of four or five. This lessens the effect 
of extreme height. At the same time the 
width is made to seem greater than it really is 
by the addition of heavy cornices and project- 
ing balconies. 

"While it is perhaps too much to exi>ect that 
a skyscraper shall become an object of beauty, 
those various devices do much to give the build- 
ing personality and distinction, and perhaps this 
is as far as the architect ever can go. 
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CHAPTER IX. 



TIIKOUUII THK A IK, 



Flvino-biachinb inventors and enthusiasts 
may be divided into two great classes, each of 
which is certain that it has discovered the only 
straight and narrow path to aerial navigation. 
Those who belong to the first of these classes 
place thfeir faith in the steerable or dirigible 
balloon; they secure their lifting power with 
gas, and seek to control the direction of flight 
by various contrivances of wings and screw 
propellers. They are air soarers. Those of 
the second class go to the bird for their model. 
The bird, they assert, is nature's first and best 
flying machine; and if a bird, which is nearly 
a thousand times as heavy as the air it dis- 
places, can soar for hours aloft without tiring, 
why shouldn't a man do the same, provided 
he can build the proper mechanism? Conse- 
quently these inventors, who have given the 
subject of bird flight long and serious atten- 
tion, discard the balloon system with some- 
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thing of disdain, and plan their macliinea aft 
the jJcrfect model of a bii-d's wing. 

Botli of tliuso methoils have Iwen tborougb 
testetl, and, what is more, n'itb astonisliing su 
cess, considering tlio difficulties which liavelii 
to be overcome, lijdloiin flying machines ba 
really been steered, not to the limits of sncoci 
but far enough to demonstrate that tbo fe 
can be occomplislie^l. On tbe other haad, 




soaring or aeroplane niacliine bus l»eeli txt. 
stnictwi and actually made to fly for oota8t< 
emble dishmcos ; and yet more curious at 
interesting, a number of daring inventors ha' 
constructed real wings wiib which they bai 
soiire<l Avith success from bill-lops and big 
ivalls. 

Both of these metho<ls mc, therefore, wortli 
of careful consideration, although in this cha] 
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ter I shall take up only flying machines proper 
— the aeroplanes and bird-like contrivances — 
the balloon macliines or air floaters coming 
more properly nnder the important subject of 
ballooning. 

I suppose more inventors have been fasci- 
nated with the idea of building a machine that 
would fly than with almost any other single 
subject, perpetual motion possibly excepted. 
Nearly every town has its flying-machine en- 
thusiast, and the Patent Office at Washington 
is busy constantly with curious designs for 
winged mechanisms; and yet the perfect ma- 
chine, the machine which wiU one day supplant 
the steamship, bankrupt the railroad, and an- 
nihilate space is yet to be invented. And in- 
vented it positively will be, perhaps by some 
reader of this book; for mathematicians have 
demonstrate<l its possibility by unerring fig- 
urea, and it only remains for the clever mech- 
anician to build the necessary machinery. 

I shall not try to cover the whole story of 
the flying machine, which is almost as old as 
the inventive imagination of man, for it would 
fill a big book. I shall, rather, describe the 
efforts of a few of the inventors who have 
made the most notable recent achievements. 

Probably no American inventor of flying 
machines is so well known and has been so 




successful in \ns fx]ieriii«^nts us I'rofessor S. 
Ijniglwy. iJie distingnblied secretary of t 
Smithsionian Institution at Wasliington. I'l 
feiw*ir Ijinglcy has built a macliiiie with win; 
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driven by a steam-engine, and wholly without 
giis or other lifting ]>ower beyond its own in- 
ternal energy. And this machine, to which 
has been given the name Aerodrome (air-run- 
ner), actually flies for considerable distances. 
So successful were Professor Lanrfev's early 
tests, that the Unite<l States Government re- 
cently made a considerable a])propriation to 
enable him to carry forward his experiments in 
the ho|>e of finally securing a practical flying 
machine. His work is, therefore, the most 
significant and important of any now before 
the public. 

The invention of the aerodrome waK the re- 
sult of long years of ])ersevering and exacting 
labor, with so many disappointments and set- 
bac;ks that one cannot help a<lmiring tho as- 
tonishing patience which kept hope alive to 
the end. Early in his experiments, Professor 
Langley had proved positively, by mathemati- 
cal calculations, that a machine could ije made 
to fly, ])rovided its structure were light enough 
and the actuating power great enough. There- 
fore ho was not in pursuit of a mere will-o'- 
the-wisp. Tt was a mechanical difticulty which 
he had to surmount, and he surmounted it. 

Professor Langley made his first experiments 
more than twelve years ago at AUeghenv, 
Pennsylvania. lie began, not by building a 
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a horizontal jtath through the air it was possi- 
ble to sustain it ivitli very little jKJwer. It was 
proved that, if horizontal flight without friction 
could be insured, 2f)() pounds of plates could be 
moved through the air and sustained upon it 
at the speed of an express train, with the expen- 




diture of only one horse-power, and that, of 
course, without using any gas to lighten the 
weight. 

Every boy who has skated knows that when 
the ice is very thin he must skate rapidly, else 
he may break through. In the same way, a 
stone may bo skipped over the water for consid- 



a — . - 

^[•''- •■'ir. u-„ 

'"'" 't r.-sr. 
l'^«ce. and t 
"«ent ,Ujf,^ J. 

*'■'•• In /act 
«=onc]usion ti,.- 
»*ith onrrincs ^ 

•'*'*'««e<l tljat 
"'<-%'' less th.. 
P^'M'er, and tJ,a 

zontal. 

J '•Ofo.SSOr Unrr 

!""' ""»• came 1. 

take A>n« in f^et. 
""' vast jn-ohku 

<'»10n.frJ, f,. ., . 



TBROUOH THE AIR. SSI 

how vfaa he to apply the power to obtain hori- 
zontal speed? Should it be by flapping wings 
like a bird, or by a screw propeller like a ship? 
This question le«l him into a close study of the 
bird compared with the man. lie found how 
wonderfully tlie two were alike in bony forma- 
tion, how curiously the skeleton of a bird's wing 
was like a man's arm, and yet he finally de- 
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cidod that flapping wings would not make the 
best propeller for his machine. Men have not 
adopted machinery legs for swift locomotion, 
although legs are nature's models, but they 
have, rather, constructed wheels — contrivances 
which practically do not exist in nature. 
Therefore, while Professor Langley admits 
that successful flying machines may one day 
be made with flapping mngs, he began his 
experiments with the screw propeller. 
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settled on the steam-engine, and lie succeeded, 
after all manner of difficulties, in building a 
mechanism light enough. He says in regard 
to this part of tlie work: 

"The chief obstacle proved to bo not with 
the engines, which ^vere made surprisingly 
light after sufficient experiment. The great 
difficulty was to make a boiler, of almost no 
weight, which would give steam enough, and 
this was a most wearying one. There must 
be also a certain amount of wing surface, and 
large wings weighed jjrohibitively; there must 
be a frame to hold all togetlier, and the frame, 
if made strong enough, must yet weigh bo little 
that it seemed impossible to make it. These 
were tlie difficulties that I still found myself in 
after two years of experiment, and it seemed 
at this stage again as if it must, after all, be 
given up as a hopeless task, for somehow the 
thing had to l>e built stronger and lighter yet. 
Now, in all ordinary construction, as in build- 
ing a steamboat or a house, engineers have 
what they call a factor of safety. An iron col- 
imin, for instance, will be ma<^le strong enough 
to bold five or ten times the weight that is ever 
goiTig to be put upon it; but if we try anything 
of the kind here the construction will be too 
heavy to fly. Everything in the work has got 
to be so light as to be on the edge of breaking 
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f and yet every failure, costly as it might be in 
time and money, brought some additional ex- 
perience. Professor Langley found out that 
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the aerodrome must Iwgin to fly against the 
wind, just in the opposite way from a ship. 
lie found that he must get up full speed in 
his engine before the machine ivas allowe*.! to 




^o, in the same way that a aoaring bird must 
liLJike an initial run on the ground before it 
Clin mount mto the air md this w is, for vari- 
oiis reasons a difBcult problem And tliCD 
Hn're was the balincmg 
" If the reader will look at the hawk or any 
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the bird uses its widely outstretchtjil wings in 
place of the pole." 

It must be remembered that air currents, 
unlike the Gulf Stream, do not flow steadily 
in one direction. They are forever changing 
and shifting, now fast, now slow, mth some- 
Uiing of the commotion and restlessness of the 
rapids lielow Niagara. 

All of these things Professor T^ngley had to 
meet as a part of the difficult balancing prob- 
lem, and it is hardly surprising that nearly 
three years passed before the machine was 
actually made to fly — on May G, 1896. 

" I had journeyed, perhaps for the twentieth 
time," says Professor Langley, " to the distant 
river station, and recommenced the weary 
routine of another launch, with very moderate 
expectation indeed; and when, on that, to me, 
memorable afternoon the signal was given and 
the aerodrome sprang into the air, I watched 
it from the shore with hardly a hope that the 
long series of accidents had come to a close. 
And yet it had, and for the first time the aero- 
drome swept continuously through the air lilie 
a living thing, and iis second after second 
jiassed on the face of the stop-watch, until a 
minute hiwl gone by, and it still flew on, and 
as I heard tho cheering of the few spectators, 
I felt that something had been accomplished at 
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liist; for never in any part of the world, or in 
Hny'perioil, had any machine of nuin'fi con- 
struction sustained itself in the air bofore for 
I'ven half of this brief time. Still the ayro- 
lirome went on in a rising course until, at the 
lud of a minute and a half (for which tiiiic 
imly it was provided witli fuel and water), it 
liiid accomplished a little over half U mile, and 
iHj^v it settled, rather than fell, into tbo river, 
with a gentle descent. It was iminodiately 
l;iken out and flown again with equal success, 
1HM' was there anything to indicate tliat it 
might not have flown indefinitely, except for 
ilio limit put npon it." 
Onlv a brief desoriotion of Professor Iah?.- _ 
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The width of the wings from tip to tip is be- 
tween twelve and tliirteen feet, and the length 
of tlie whole about sixteen f(»et. The weight 
is neiirly thirty pounds, of wliicli about one- 
fourtli is tlie inachinerv. 

Somucli for Professor Langlev's aenxh'ome, 
the first and most wonderful of macliines of its 
kind. Iliram Maxim, the famous inventor of 
tlie Maxim gun, lias ex))erimentcd on a colossal 
affair of aeroplanes to carry three men — and 
she ran swiftlv when her wheels rested iirmlv 
on the wide rails of her little railroa<l, but her 
inventor never has ventured to lift her free in 
the air. These two inventions, Lan^^lev's and 
Maxim's, have been the greatest efforts toward 
the utilization of the soaring ])lane. 

The ])Ossibility of using wings for flight is 
one of the very oldest of mechanical ideas. It 
is so easv to sav, " A bird flies: whv shouldn't 
a man ? " and iriore than one brilliant inventor 
has been dashed to death trvin^: to answer this 
very question. What boy hasn't read of the 
amusing adventures of Darius Green? And 
yet of late years, wonderful enough, men h(ire 
actually flown with wings, wings resembling 
those of a soaring bird. Only last year Lilien- 
thal, the famous '' flying man " of Berlin, was 
killed from a fall received while he was career- 
ing high above the earth with his great wings. 
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Chanute, an Ainerican inventor, bas floicn bdc- 
cessfiilly ivith wings; anil only recently Ilax- 
grave, tiie Australian inventor of the famous 
box-kite, bas been making kite-like win^re wliifh 
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bo asserts will solve the great problem of prac- 
tical aerial navigation. 

Lilientbal, the flying man, built his wings 
after a long and close study of tbe flight of 
birds, lie finally came to tbe conclosion that 
a bird is able to sustain itself without apparent 
effort in the air, and even to soar against tbe 
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wind, owing to the peculiar curved surface of 
tM wings. ThR fins of many fislics and the 
wel) feet of aquatic birds are strikingly analo- 
gous in construction The sails of a shijt as- 
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sumo a similni- form. It wuuld lie ijuposailik 
to sail so near the wind in beating if the in 
strument of })ropiilsioii were a rigid flat sur 
face. It is the effort of tlie sail to get awaj 
from the wind wIul-Ii it guthei's in its ainplt 
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bosom which drives the lioat forward, almost 
in the very teeth of the breeze. The flying 
machine devised and used hy Herr I.ilionthi]! 
was designe<i rather for miUmj than tor^lfi/tni/, 



n thf ]ir<>]>(>r sense of tii"" l-'nn : ' n". as he onci* 




said, "for being carried Bt«a<liiy and without 
danger, under the leiist possible angle of de- 
scent, against a moderate wind, from an ele- 
vated point to the plain Ix-low." It was made 
almost entirely of closely woven muslin, washed 
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vith collodion to render it impervious to air 
md stretched upon a ribbe<l frame of split ivil 
o\v, which was found to be the lightest ant 
trongest material for this purpose. Its main 
jlementa were the arched wings; a vortical rud 
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er, shaped like a palm-leaf fan, which acted 
18 a vane in keeping the head always towards 
le wind ; and a flat, horizontal rudder, to pre- 
ent sudden changes in the equilibrium. 

The operator so adjusted the apparatus to his 
wrson that, when in the air, he either rested 


J 



.'/ 





-m 










TEROVOn THE AIR. 3M 

liiiiBelf into the air by a spring or jump, at the 
same time spreading the wings, which were at 
ince extendeil to tlieir full breadtli, whereupon 
ho sailEHl Tniijesticnllv along like a pigantic sea 
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fuU. In this M'ay Ilorr Lilioiithal often ac 
complishe<l flights of three hundred y^inls am 
more from the starting-point. 

"No one,'' Ilerr I.iUenthal once explained 

' can realize how mihshintuil the air is until 
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wjinls, a,ii(l see wbut n lifting power it ex- 
erts. 

Lilienthiil s\ierit many years of toil on liis in- 
vontiun, ami after his iinal jicrfcctod winga were 
linishcd, it re<(uireU much skill ami strengtii 
to use tbeni successfully, to guide tlie direction 
of Higlit by careful inovcinents of the arms, to 
go up liy leaning back, and down by leaning 
fftrwaiil. And at the last iho inventor himst^lf 
was hurle<I to liis death, hut not until he liad 
contributed much to the knowledge of aero- 
nauLlcB. 

Mr, Hargrave has contributed to scicntilic 
information a very clear statement as to \vhy 
a binl is able to soar against the wind, ami he 
is using his discoveries as the basis for a new 
invention in flying machines. Ilargrave's idiyi 
is that the thick forward part of a bird's wing 
acts as an obstruction, likti a dam in a river, 
causing a whirlixx)! below the ^ving, which 
rolls with great force against the back side of 
this obstruction, thereby forcing it forward. In 
other words, progress through the air is caused 
l)y an undertow of air. lie suggests, there- 
fore, a flying machine sliajxtd somewhat in the 
form of a toboggan turned upside down. The 
wind, striking thoedgoof the toboggan curve 
in front, creates a whirlpo«iI in the invertcil hol- 
low, and proi>els the whole macliiuo forward 
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and u|nvard, according to the way it is steered 
by tli6 suspended ballast, which determines its 
angle of flight. 

Each year the inventor presses closer to the 
groat secret of human flight, each year the 
mechanic is alile to build more ]>erfect ma- 
chinery, and the two, working side by side, 
may lie ex|iecte<l before many years have 
pasa(>d to ))rodiice a flyinf,' machine which will 
Ix! practically a success as well as an experi- 
mental success. 
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FASCINATING BOOKS FOR BOYS 



Any of these books sent, pott-pald, on approval. After 
ezamininff, send us either the money or the bookb. 



riVO TRUE STORIES OF ADVENTURE 



Cattle Ranch to College 

By Russell Doubleday 



6th Thousand 



THE immediate success of 
this book was to be ex- 
pected from its unique 
attractiveness. It's a true story 
of a boy's life and adventures in 
Dakota fifteen years ago : fight- 
ing Indians, hunting, mining, 
sheep herding, ** broncho-bust- 
ing,*' cattle-ranching. Every in- 
cident actually happened to the 
hero, who is now a college man, 
who has told the details to the 
author. 

The hundred illustrations are 
as life-like as the story. 



A Gunner Aboard the 
" Yankee " 



7th Thou5and 



Edited by H. H. Lewis from 
the Diary of No. 5 (Russell 
Doubleday) 

THIS interesting record of 
the experiences of the 
Naval Reserves in the 
Spanish War has an introduction 
by Admiral Sampson. It is full 
of excitement and gives a splendid 
idea of naval life. 

Besides the forty or fifty photo- 
graphic views and drawings there 
are four interesting plates in color 
of flags and signals and an ap- 
pendix full of information. 

Sixiy sU'^^li'y P^^^^ ^^^^ 'volume , %\.^o \ tuoo 'vois.y in box, $'^.00. 

The Boys' Book of Inventions. By R. S. Baker 



5th Thousand 



THE author here tells stories of the marvels of modern science, 
such as the Sea Motocycle (or Submarine Boat), Liquid Air, 
Telegraphing without Wires, Automobiles, Flying Machines, 
Great Kites, and so on, — all the subjects being splendidly illustrated. 

Size, sU^^}4 5 P^K^^y 35° > XyP^ i o -point \ Binding , cloth ^ dec- 
orated i Illustrated ivitA about 200 pictures. Price, $2.00. 

We Win. By Herbert E. Hamblen 

THE LIFE AND ADVENTURKS OF A YOUNG RAILROADER 



3d Thousand 



MR. HAMBLEN'S railroad stories are about as characteristic 
and American as anything in the world of books. <* We 
Win" gives a vivid picture of the life of a railroad man and 
tells how the hero brought prosperity to his town. 

Size, s)i(^^/4 5 Illustrated i Pria^ $1.50. 
DOUBLEDAY & McCLURE CO., 141-155 East 25th St., N.Y. 
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